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SECTION  I 
INTRODUCTION 
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1 . 1 Objective  of  Study 

\ 

The  objectives  of  this  study  were  to: 

• Apply  off-line,  post-mission  smoothing  to  raw  real-time  estimates 

of  the  changes  in  the  deflection  of  the  vertical  as  collected  by  the  >1 

Rapid  Geodetic  Survey  System  (RGSS)  at  White  Sands.  Data  recorded 
on  tape  cassettes  from  a set  of  17  test  runs  were  provided  by  the  . J 

Re  sear  ch  Institute  at  the  U.S.  Army  Engineer  Topographical  Lab 
(USAETL). 

• Analyze  the  residual  errors  in  the  smoothed  estimates  of  the  changes 
in  the  deflect! ..  of  the  vertical  for  those  runs  where  reference  change 
information  was  available  to  determine  significant  sources  of  estimate 
degradation.  A subset  of  8 of  the  test  runs  was  available  for  this 
purpose. 

• Recommend  a further  course  of  action  as  a result  of  this  analysis  which 
should  lead  to  improvement  in  the  deflection  recovery  accuracy  of  the 
RGSS. 

1.2  Error  Model  of  the  Deflection  Change  Measurement  Process_ 

Analysis  of  the  error  in  the  measurement  of  the  change  in  the  vertical 
deflection  by  the  RGSS  requires  identification  of  the  major  sources  of  error  in 
a model  of  the  measurement  process.  The  block  diagram  shown  in  Fig.  1 
illustrates  the  current  error  model  of  the  deflection  change  measurement  proceso 
for  the  RGSS.  Included  in  this  model  are: 

> 

• Gyro  Drift  Rate  Bias  fb)  - a residual  drift  rate  after  initial  system 
calibration  which  is  constant  during  the  mission  and  whose  effect 
is  essentially  removed  by  post-mission  smoothing. 
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• Gyro  Drift  Rate  Noise  (b^)  - a component  of  drift  rate  which  changes 
during  the  course  of  the  mission  whose  effect  is  only  partially 
removed  by  post-mission  smoothing.  (Refer  to  Appendix  A on  optimal 
smoothing  of  integrated  exponentially- cor  related  noise.)  This  noise 
source  includes  heading-sensitive  and  thermal  induced  gyro  drift 
rates  as  well  as  drift  rate  changes  resulting  from  unidentified  causes. 

• A'celerometeryStable  Element  Thermal  Transients  (V^)  - change  in 
accelerometer  bias  and  sensitive  axis  orientation  due  to  thermal 
non-equilibrium  occurring  after  initial  turn-on  but  also  including 
sensitivity  to  heading  change  during  the  mission.  This  effect  is 
partially,  but  unsatisfactorily,  compensated  for  by  post-mi ssion 
smoothing. 

• Accelerometer  Noise  - changes  in  accelerometer  error  due  to 

unidentified  causes,  a random  error  whose  effect  is  not  compensated 
for  by  post-mission  smoothing. 

• Error  in  the  Reference  Change  in  the  Deflection  (6)  - a random  error 
whose  effect  is  not  compensated  for  by  post-mission  smoothing.  For 
the  White  Sands  reference  data  the  individual  deflections  were  assumed 

known  to  0.  5 sec  (la  ) which  is  equivalent  to  knowing  the  change  to 
0.  7 sec  (la). 


1.3  Theoretical  Limit  on  the  Recovery  of  the  Vertical  Deflection  Due  to 
Correlated  Platform  Drift  Rate 


A review  of  the  error  model  of  the  deflection  recovery  process  defined 
above  will  indicate  that  the  most  important  limitation  in  measuring  the  change 
in  the  deflection  of  the  vertical  over  extended  di stance  s/time  periods  results 
from  the  instability  in  the  platform  drift  rate.  The  unstable  component  of 
platform  drift  rate  can  usually  be  characterized  as  exponentially- correlated 
noise.  The  specific  limitation  on  deflection  recovery  due  to  the  presence  of 
such  a noise  source  in  the  RGSS  have  been  analyzed  in  detail  and  the  mathe- 
matical and  numerical  results  are  presented  in  a convenient  norr  .;  lized  form 
in  Appendix  A. 

For  our  purposes  here,  if  we  characterize  the  platfoi  m drift  rate  as  being 
0.001°/hr  (lcr)  with  a correlation  time  cf  2 hours,  then  the  time  RMS  of  the 
error  in  the  estimated  deflection  change  due  to  this  error  only  over  a 2 hour 
mission  once  optimal  post-mission  smoothing  has  been  performed,  will  be 
0.  9 sec.  If  the  mission  time  is  reduced  to  1 hour  or  extended  to  4 hours,  the 
analysis  of  Appendix  A indicates  that  for  the  same  correlated  drift  rate,  the  time 
RMS  of  the  error  in  the  estimated  deflection  change  would  be  0.  3 se~c  or  2.  1 sec, 
re  spectively. 

1 . 4 Method  of  Investigation 

Off-line  smoothing  of  the  raw  deflection  change  measurement  data  for  each 
of  the  17  test  runs  was  applied  using  a specially-developed  digital  computer  pro- 
gram written  in  the  FORTRAN  language.  The  results  of  this  process  are  sum- 
marized in  tables  below  and  also  shown  in  plots  of  the  deflection  change  estimates 
before  (real-time  estimates)  and  after  smoothing  (refer  to  the  various  appendices 
of  this  report). 
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For  those  8 test  runs  where  reference  deflection  change  data  was  made 
available  by  USAETL,  an  analysis  of  the  deflection  change  measurement  error 
characteristics  was  performed  with  the  intent  of  determining  major  sources  of 
performance  degradation.  For  this  analysis  a model  of  the  error  in  the  deflection 
change  measurement  process  was  constructed  using  logic  and  past  experience 
and  then  where  possible,  the  measurement  error  characteristics  were  explained 
in  terms  of  this  model. 

Once  the  dominating  error  sources  were  identified  in  terms  of  the  model, 
a recommended  plan  for  reducing  their  effect  was  evolved. 
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SECTION  II 


INVESTIGATION 


2.  1 General  Description  of  the  Test  Runs 

A general  summary  of  the  17  test  runs  made  with  the  RGSS  at  White  Sands 
is  shown  in  Table  1 below  within  the  ruled  lines.  The  table  indicates  the: 

• Identifying  number  for  the  run 

9 Date  the  run  was  made 

• Time  of  day  at  which  the  run  was  initiated 

• Time  duration  of  the  run 

• Initial  and  terminal  stations  for  the  run  and  the  general  direction 
between  the  stations. 

The  raw  measurements  were  first  smoothed  with  the  off-line  computer 
program  in  the  form  that  they  were  initially  recorded  on  the  tape  cassettes.  The 
off-line  smoothing  program  basically  employs  the  errors  in  the  estimated  values 
of  the  defle  tion  change  observed  at  the  terminal  station  to  estimate  the  platform 
drift  rate  vector  and  remove  this  effect  from  the  real-time  deflection  change 
estimates  at  the  inte r mediate  stations.  The  reduction  of  the  measurements  for 
the  test  runs  in  their  original  form  are  identified  by  the  numbers  with  no  following 
letter  (e,  g.  , 1,  2(1),  2(2),  3 etc)  throughout  the  report.  For  analytical  purposes, 
the  raw  measurements  were  also  smoothed  over  sub- sections  of  the  original 
test  run.  The  reduction  of  the  measurements  for  these  modified  test  runs  are 
identified  by  the  numbers  with  a following  letter  (e.g.  , 1A,  IB,  2(1)A„  etc.). 

Note  these  modified  test  runs  necessarily  have  shorter  elapsed  time  (column  4) 
and  proceed  between  ,-a  different  initial  or  terminal  point  relative  to  the  original  run 
(column  S).  'I  he  motivation  for  the  modified  reduction  of  the:  data  is  given  below. 
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2,  2 Categorization  of  Test  Runs 


The  17  test  runs  wore  divided  into  3 categories  depending  upon  the  number 
of  reference  deflection  change  values  that  were  provided  by  the  Research  Institute. 
A more  comprehensive  analysis  of  the  system  error  characteristics  can  be 
made  when  there  are  a greater  number  of  reference  change  values  available. 
Clearly,  where  reference  values  of  the  dellection  are  available  at  all  intermediate 
stations,  the  detailed  structure  of  error  in  the  deflection  change  estimates  can  be 
ascertained.  The  major  categories  were  divided  into  sets  run  over  the  same 
course.  The  categories  are: 

1.  All  reference  change  values  available  - 

• Runs  3,4,5 

• Run  s 6 , 7 

2.  A majority  of  the  reference  change  values  available: 

• Runs  1,  2(2),  9 

A minimum  number  of  the  reference  change  values  available: 

• Ruhh  2(1),  8(2),  10(2),  10(4) 

• RunH  13,  14,  16(1),  16(2),  16(3) 


3. 


2.  3 Analysis  of  System.  Error  Characteristics 


A considerable  amount  of  time  was  spent  during  the  study  on  the  test  results 
from  the  runs  in  Category  1.  The  real-time  Kalman  estimates  were  smoothed 
with  the  off-line  computer  program  using  different  values  for  optional  parameters 
in  the  smoother  program.  These  optional  parameters  include  platform  drift  rate 
(la)  values  and  (la)  values  of  the  error  in  the  observed  deflection  change  esti- 
mates due  to  error  in  the  reference  deflection  values  and  accelerometer  bias 
shift  at  the  terminal  station.  The  variation  in  the  RMS  error  in  the  smoothed 
estimates  (relative  to  the  reference  cha.ige  values  provided)  as  a function  of  the 
selected  values  for  the  optional  parameters  was  inspected  and  used  as  a criterion 
in  arriving  at  a final  "best"  set  of  values. 

In  the  next  phase  of  the  analysis,  the  characteristics  of  the  error  were 
observed  for  the  individual  runs.  Two  (2)  important  error  characteristics  were 
identified  and  related  to  their  probable  causes: 

• A change  of  the  trend  in  the  error  of  the  real-time  Kalman  estimate 
of  the  deflection  change  with  vehicle  heading  for  Runs  5,  6 and  7. 

Refer  to  Figs  3.  3,  3.4,  and  3.5  (|  ) and  Figs.  4. 3,  4.4,  and  4.5  ( T) ) 
respectively,  in  Appendix  D.  This  characteristic  implies  the 
presence  of  uncompensated  shifts  in  level  gyro  drift  rate  with  heading 
change  primarily  for  the  east  gyro, but  somewhat  also  for  the  north 
gyro. 

« Curvature  of  the  trend  in  the  error  for  the  real-time  Kalman  estimates 
of  the  deflection  change  on  Run  3,  Refer  to  Fig.  3.1  (5  ) and  Fig. 

4,  1 (T|)  of  Appendix  D.  This  effect  could  possibly  be  induced  by  an 
initial  thermal  transient  since  this  run  had  an  early  morning  start 
and  the  equipment  may  not  have  reached  thermal  equilibrium. 
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In  addition,  it  was  observed  that  on  Run  4,  which  did  not  involve  major 
vehicle  heading  changes  and  was  made  after  several  hours  of  system  operation, 
the  error  in  the  real-time  Kalman  estimates  of  the  deflection  changes  were  quite 
linear,  indicating  the  presence  of  constant  gyro  drift  rate.  Refer  to  Fig.  3,2  (§  ) 
and  Fig.  4.2  (q)  in  Appendix  D.  The  linear  error  characteristic  is  not  of  great 
concern  as  its  effect  can  essentially  be  removed  by  the  post-mission  smoothing 
program. 

The  scatter  of  data  in  Fig.  4.2  (Tj ) for  Run  4 should  not  be  viewed  with 
alarm  as  the  scale  is  substantially  reduced  relative  to  the  other  figures.  The 
scatter  may  be  indicative  of  the  noise  characteristic  of  the  A200D  accelerometers 
which  are  used  in  the  level  axes  of  the  RGSS,  or  the  error  in  the  reference  value 
of  change  in  the  east-west  deflection  provided  for  the  analysis. 


2.4  Modified  Off-Line  Smoothing  of  the  Deflection  Change  Estimates 


Once  the  major  characteristics  of  the  error  in  the  real-time  deflection 
change  estimates  were  identified,  a more  complete  model  of  the  error  in  the 
deflection  change  process  was  formulated  and  is  summarized  in  Section  1.2. 

This  model  was  then  reviewed  to  arrive  at  alternate  means  of  smoothing  the 
real-time  deflection  change  estimates.  The  2 main  conclusions  that  were 
made  are  that: 

• Since  vehicle  heading  change  induces  gyro  drift  rate  change,  breaking 
the  test  runs  down  into  approximately  straight  line  segments  should 
reduce  error  in  the  smoothed  estimates  of  the  deflection  change 

• Since  instability  in  gyro  drift  leads  to  greater  error  in  the  smoothed 
estimates  of  the  deflection  change  as  time  increases,  breaking  the 
test  runs  down  into  shorter  legs  with  reduced  running  time  should 
reduce  error  in  the  estimates.  The  theoretical  background  for  this 
conclusion  is  presented  in  Appendix  A,  "Optimal  Smoothing  of 
Integrated  Exponentially-Correlated  Noise".  Note  breaking  Run  3 into 
2 shorter  segments  will  yield  reduced  curvature  of  the  error  trend 
over  each  segment  yielding  reduced  error  from  the  suspected 
accelerometer/stable  element  thermal  transient. 

It.  was  also  noted  that  accelerometer  noise  and  error  in  the  reference  values 
of  change  in  the  deflection  components  have  a somewhat  equivalent  effect  on  the 
smoothing  process  in  that  little  can  be  done  about  their  presence. 

Having  arrived  at  these  conclusions,  the  data  for  the  Category  1 and  2 test 
runs  was  smoothed  in  a modified  manner  to  either  reduce  heading  change  and/or 
the  time  duration  of  the  leg.  The  criterion  used  for  judging  the  success  of  this 
modified  processing  was  the  RMS  value  of  the  error  in  the  smoothed  estimates  of 
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the  deflection  » hinge.  The  results  of  these  experiments  are  summarized  in 
Table  II  winch  displays  the  RMS  values  of  the  error  in  the  smoothed  estimates 
as  originally  processed  and  after  modified  processing. 

As  is  evident  from  the  table,  elimination  of  heading  changes  reduced  the 
error  in  the  north-south  deflection  estimates  substantially  and  improved  somewhat 
on  the  average  the  estimates  of  the  east-west  deflections. 

Reduction  of  the  time  duration  of  the  test  legs  reduced  the  estimate  error 
significantly  for  Run  3 but  did  not  seem  to  benefit  on  the  average  the  results  for 
the  rest  of  the  runs. 

The  details  of  this  data  analysis  are  presented  in  the  tables  of  Appendix  G. 
The  test  runs  of  Category  3 were  broken  down  in  a similar  manner  and  these 
results  are  also  detailed  in  the  tables  of  Appendix  G.  There  was  less  flexibility 
in  dealing  with  the  Category  3 tests  in  that  reference  points  were  sparse  along 
the  course.  In  some  cases  only  one  choice  was  available  to  implement  the 
reduction. 
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2.  5 General  Organization  of  Test  Data  and  Analytical  Results  in  the  Appendice_g_ 

The  real-time  estimates  of  the  deflection  change  for  each  of  the  17  test  runs 
defined  in  Table  1 above  were  smoothed  in  their  original  configuration.  Also 
as  defined  in  the  table  by  the  numbers  with  attached  letters,  segments  were 
smoothed  to  effect  the  removal  of  vehicle  heading  change  or  time  duration 
reduction.  Computer  printouts  of  the: 

• Real-time  Kalman  estimates  of  the  deflection  change  components 

• Smoothed  estimates  of  the  deflection  change  components 

• Error  in  the  smoothed  estimates  of  the  deflection  change  components 
where  fully  definable  (e.  g.  , Category  1)  from  the  provided  reference 
deflections  summarized  in  Appendix  B, 

for  each  test  leg  defined  in  Table  1 are  given  in  Appendix  C. 

Calcomp  plots  of  the  same  variables  are  given  in  Appendix  D for  the  original 
configurations  of  the  test  runs  and  in  Appendices  E and  F for  the  test  runs  as 
modified  for  vehicle  heading  change  reduction  and  test  leg  time  duration  reduction, 
respectively. 

A detailed  side  by  side  comparison  of  the  results  from  the  original  and 
modified  processing  for  the  sets  of  test  runs  made  over  the  same  course  is  pro- 
vided by  the  tables  of  Appendix  G.  In  these  tables,  the  errors  in  the  smoothed 
estimates  at  those  few  points  where  reference  deflections  were  provided  (e.  g.  , 
Categories  2 and  3)  are  also  given. 

A summary  of  the  real-time  estimates  of  the  free -air  gravity  anomalies 
and  their  errors  at  the  points  where  reference  data  was  provided  is  given  in  the 
Tables  of  Appendix  I. 


i 


I I 


i 

I f 

c 

: i 


Inspection  of  Table  B-l  indicates  that  no  reference  values  for  the  deflection 
components  were  provided  for  27  intermediate  stations.  Appendix  H pre  sents 
a set  of  "best"  estimates  of  the  deflection  components  for  these  stations  as 
derived  from  smoothed  estimates  obtained  from  the  raw  test  data. 
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SECTION  III 
DISCUSSION 

The  analysis  of  the  errors  in  the  real-time  and  smoothed  estimates  of 
the  deflection  change  components  where  reference  change  values  were  available 
(Category  1),  provided  valuable  information  regarding  the  error  characteristics 
of  the  RGSS  platform.  In  particular,  level  gyro  drift  rate  sensitivity  to  vehicle 
heading  change  and  possible  level  accelerometer/stable  element  thermal 
transient  behavior  were  identified  as  error  sources  for  further  investigation. 
Elimination  of  such  identifiable  sources  of  potentially  systematic  error  from  the 
RGSS  should  be  a major  objective  of  an  accuracy  improvement  program.  Pre- 
liminary tests  to  determine  the  nature  of  platform  drift  rate  change  with  vehicle 
heading  change  have  indicated  a portion  of  this  error  is  systematic  in  nature. 
Exhaustive  tests  should  be  performed  in  the  near  future  to  clarify  this  issue. 
Appropriate  compensation  of  heading  sensitive  drift  rate  change  could  allow  a 
substantial  reduction  in  the  correlated  platform  drift  rate  error  component 
discussed  in  Section  1.3  and  Appendix  A which  represents  the  most  fundamental 
limitation  on  performance  at  the  present  time. 

Since  only  a minimal  number  of  reference  values  were  provided  for  a 
majority  of  the  test  runs,  no  effort  was  concentrated  on  these  results  except  to 
look  for  repeatability  at  individual  points  and  derive  "best"  estimates  from  the 
set  of  values  obtained. 

A major  area  of  uncertainty  in  the  analysis  was  the  contribution  to 
error  of  the: 

• Reference  deflection  values 

• Accelerometer  bias  shift 
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The  error  in  the  reference  values  of  change  in  the  deflection  components 
potentially  contribute  0.7  sec  (la)  and  the  accelerometer  bias  shift  potentially 
contributes  1.2  se"c  (la)  of  error  to  the  smoothed  estimates.  This  level  of 
erroi  contribution  somewhat  clouds  the  determination  of  what  the  accuracy  of  the 
RGSS  can  be  under  optimal  utilization  since  performance  in  this  range  was 
apparently  obtained  (Legs  4A  and  4B  of  Run  4). 


SECTION  IV 


CONCLUSIONS 

The  major  conclusions  reached  in  this  study  are  that: 

• The  east  gyro  drift  rate  and  to  a lesser  extent  the  north  gyro 
drift  rate,  changes  with  vehicle  heading.  Whether  or  not  this 
change  is  systematic  in  nature  is  unknown 

• Accelerometer/stable  element  thermal  transients  are  potentially 
a significant  source  of  degradation  in  the  deflection  change 

measurements 

\ 

• The  ultimate  deflection  recovery  capability  of  the  present  RGSS 
when  properly  employed  may  be  0.5  to  1 sec  RMS 

• The  ultimate  deflection  recovery  capability  of  the  present  RGSS  is  not 
determinable  due  to  the  presence  of  accelerometer  noise  and  error 

in  the  reference  deflection  values  used  to  assess  system 
performance. 
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SECTION  V 


RECOMMENDATIONS 

The  results  of  this  interim  study  lead  to  the  following  recommendations 
for  improving  and  further  assessing  system  performance: 

• Provide  reference  values  of  the  deflections  at  the  points  in  those 
runs  where  no  error  analysis  of  the  measurement  data  was  possible 
to  determine  if  the  interim  conclusions  drawn  above  remain  valid. 

• Determine  through  careful  and  repeated  measurements  whether  or 
not  the  change  in  level  gyro  drift  rate  with  vehicle  heading  change  is 
systematic  in  nature. 

• Determine  through  testing  whether  or  not  an  initial  extended  duration 
(several  hours)  thermal  transient  in  the  level  accelerometer  bias  or 
sensing  axis  direction  exists  and  if  so  whether  or  not  this  effect  can  be 
systematically  related  to  ambient  temperature. 

• Determine  through  testing  the  noise  characteristic  of  level  axes 
(A200D)  accelerometers  and  the  presence  of  any  bias  shift  due  to 
platform  case  heading  change.  Alternatively,  A1000  accelerometers 
with  a demonstrated  low  noise  characteristic  could  be  installed  in 

the  level  axes,  reducing  this  source  of  uncertainty  in  the  data  analysis. 
Other  factors  as  thermal  and  vibration  sensitivity  will  also  have 
to  be  reviewed  in  this  latter  case. 

• Select  a pair  of  gyros  with  particularly  low  random  drift  characteristics 
for  replacement  of  the  present  RGSS  gyros  - in  particular  the  east- 
azimuth  gyro  which  appears  to  be  the  noisiest  of  the  present  pair, 

• Perform  any  further  testing  of  the  RGSS  in  an  area  where  the  deflection 
values  are  more  precisely  known  such  that  this  source  of  uncertainty 
in  the  data  analysis  can  be  reduced. 


■~r  * f , - y . • 'L  l." 

. V: 


PB^CgPim  r£Gf  BIANK-dTOT  FIJ^ED^ 


ill 


APPENDIX  A 

OPTIMAL  SMOOTHING  OF  INTEGRATED  EXPONENTIALLY-CORRELATED 

NOISE 

Change  in  platform  tilt  relative  to  the  mathematical  figure  of  the  earth 
employed  in  the  inertia!  system  navigation  equations  can  be  in  part  character 
ixed  as  the  integral  of  a correlated  noise  representing  the  gyro  drift.  Such 
a system  is  expressed  mathematically  as: 


G 

X = 

z = 

(i 

c 

0 l" 

A — 

Jt\  - 

0 -a 

» - 

E[€(hl)  e('J  )]  = 2ao^  6(p  - v) 

4>  is  the  change  in  platform  tilt  due  to  correlated  gyro  drift  rate 

d iB  the  correlated  gyro  drift  rate  with  variance  o ^ and  correlation 

time  t - a 

The  covariance  matrix  representing  the  statistical  propagation  of  the 
above  process  with  time  is  giver  by  the  solution  to  the  following  differential 
equation: 

~ [£j  = AE  + ZA1  + Q 


( .* 


1 


Hurre .-.  *i**» 


where: 


2(0)  = 


0 C 


The  solution  to  this  equation  is: 


2 j j(t)  = 2a  2 a 2 (at  + exp  ( -art)  - l] 


2 ^(t)  = °da  1 t1  " exP 


Z22(t)  = °<i 


Observation  of  the  tilt  change  after  a time  interval  t = T,  offers  the 
opportunity  to  estimate  the  prior  history  of  the  tilt  change  and  the  correlated 
gyro  drift  rate  via  optimal  smoothing.  The  estimates  of  these  states  obtained 
via  optimal  smoothing  assuming  a perfectly  observed  tilt  change  are: 


x (t|  T) 
a 


4>(t|T) 


[2ort  + exp  ( -art)  - 1 + exp  (-aT)fl  - exp  (at)]] 


[a[2  - exp  (-at)  - exp  (a(t  - T))]] 


where: 


<j>(T)  is  the  tilt  change  observed  at  t = T 


D £ 2[aT  - 1 + exp  (-aT)] 


The  solution  for  the  covariance  matrix  for  the  adjoint  vector  of  the  above  process 
is  expressed: 


An(t)  = 


Azz(t)  - 


[sn<T>] 


1 - exp  (o- (t  - T)) 
«En(T) 


- exp  (»( 


« rn(T) 


The  covariance  matrix  £ (t|T),  of  the  errors  6x(t),  in  the  smoothed 

s 

estimates  x (t|  T),  of  the  state  vector  x(t),  is  given  by 
s 

L ( 1 1 T)  = E[6x(t)X6x(t)]  = [I  - £(t)  A (t)]  E(t) 
s 

Plots  of  the  (1  o ) values  of  the  error  in  the  smoothed  estimates  are  given  in 
normalized  form  in  the  graphs  below  for  a number  time  intervals,  T,  Also 
shown  for  reference  in  Figs.  A.  1 and  A.  I is  the  (la)  values  of  the  tilt  change 
prior  to  smoothing. 
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Inspection  of  the  curves  for  the  normalized  (1<J)  value  of  the  error  in 
the  integrated  correlated  noise  after  smoothing  indicates  that  they  are 
approximated  by  parabolas  of  the  form: 


TO 


a (max^l 


where: 


T a 


o (max) 


TO 


* # [M 


[-]  [*  • (-)]  ■ 4k  '* 


❖ 

(i  - 1 ) 


is  the  normalized  maximum  (la)  value  of  the 
error  in  the  smoothed  estimate  of  the  correlated 
noise  which  occurs  at  the  mid-point  of  the  time 
interval  (t  = 0.5  nT  ) 

is  the  normalized  mission  time 


Note  as  n increases  the  parabolas  become  circular  arcs. 

* 

The  time  RMS  of  the  error  in  the  smoothed  estimate  defined  aB: 


is: 


A 

_ ^ 

1 [ 2 

- o dt 

T 1 4> 

= 4kTo 
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I _ ft  ft  "2*  ft 

1 [t  (1  - t )]  dt 
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To  illustrate  use  of  the  figures  consider  the  case  where; 

o = 0 . 001 “/hr 
a 

t = 2 hour  s 
T = 2 hours 


Normalized  Running  Time  of  Integration 


APPENDIX  B 


REFERENCE  VALUES  FOR  THE  VERTICAL  DEFLECTION  COMPONENTS 
AND  THE  FREE -AIR  GRAVITY  ANOMALY 


L 


[ 


All  of  the  individual  reference  points  where  data  was  recorded  during  the 
17  missions  are  included  in  Table  B-l.  In  addition  to  the  reference  point  name, 
a station  identification  number  was  assigned  when  data  was  marked  and  recorded 
on  the  cassette.  Several  of  the  ?.';ations  received  numerous  ID  numbers,  as 
noted  in  Table  B-l.  All  of  the  reference  vertical  deflection  component  values 
and  free-air  gravity  anomaly  values  are  the  best  known  values  provided  to 
Litton.  At  the  time  of  publication,  the  following  updated  values  to  N-S  and  E-W 
deflection  were  obtained.  The  old  values  noted  below  were  used  in  the  analysis  of 
the  data. 


n-s  a ) 

E- 

W (T\ ) 

Station  Name 

Old 

New 

Old 

New 

OASIS 

-2.  3 

-2.  0 

10.  1 

10.  02 

OTERO  ECC 

-1.2 

■ 1.  18 

4.6 

4.61 

SANDS  SW  BASE 

No  Change 

-1.69 

-2.  08 

MORGAN 

-4.  3 

•4.31 

No  Change 

EAST 

-1.3 

-1.31 

-8.3 

-8.  26 

[ 


[ 

l 

[ 

i 

f 

f 

I 
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Contained  in  this  Appendix  are  the  computer  printouts  for  each  original 
and  modified  mission  as  generated  by  the  off-line  smoother.  They  are  presented 
in  alpha -numerical  order.  From  the  observed  error  in  the  estimate  of  the 
change  in  the  deflection  of  the  vertical  at  the  mission  closure,  estimates  of 
platform  drift  rates  (E,N,  Z)  are  generated  by  the  smoother  and  are  printed 
at  the  top  of  each  table.  These  are  the  estimates  used  to  smooth  the  real  time 
estimates  of  change  in  the  deflection  (DE  and  DN)  which  are  recorded  at  the 
marks  throughout  the  mission  and  are  listed  in  the  third  and  fourth  data  columns. 
The  next  two  columns  (5  and  6)  contain  the  estimate  from  the  smoother  of  the 
real  time  estimate  of  change  in  deflection  of  the  vertical  due  to  the  above  computed 
platform  drift  rate  estimates.  Columns  7 and  8 are  the  smoothed  estimate  of 
change,  which  is  generated  by  correcting  the  real-time  estimate  with  the  i stimated 
contribution  due  to  platform  drift  rate  obtained  from  the  smoother. 

For  missions  where  sufficient  reference  data  was  available,  columns  9 
through  12  are  included.  Columns  9 and  10  contain  the  reference  value  of  change 
for  the  deflections  of  the  vertical  and  Columns  11  and  12  show  the  resulting  error 
between  the  smoothed  estimate  of  change  and  the  reference  value  of  change.  The 
KMS  value  of  the  differences  in  columns  11  and  12  are  shown  at  the  bottom  of 
the  columns,  respectively. 
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REAL  TIME  ESTIMATES,  SMOOTHED  ESTIMATES  AND  ERRORS  IN  THE 
ESTIMATES  OF  THE  DEFLECTION  OF  THE  VERTICAL  CHANGE  FOR  THE 

ORIGINAL  MISSIONS 

This  appendix  presents  deflection  of  the  vertical  data  associated  with  the 
original  17  missions  as  they  were  run  at  White  Sands.  The  data  is  divided  into 
four  groups: 

J.  Real  Time  Estimates  of  the  Change  in  the  Vertical  Deflection 
Components  { DL  and  DN  generated  by  the  real  time  software) 

II.  The  Error  in  the  Real  Time  Estimate  of  the  Change  in  the  Vertical 
Deflection  Components  (The  difference  between  the  known  reference 
value  and  the  real  time  estimates). 

III.  The  Smoothed  Estimate  of  the  Change  in  the  Vertical  Deflection 
Components  (Generated  by  the  off-line  Fortran  Smoother ; 

IV.  The  Error  in  the  Smoothed  Estimates  of  the  Change  in  the  Vertical 
Deflection  Components  (The  difference  between  the  smooth',  r 
computed  change  and  the  known  reference  value  change) 


1 

j | 

i i' 

L4 


i 


I 


LIST  OF  ILLUSTRATIONS  FOR  ORIGINAL  MISSION  DATA 
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LIST  OF  ILLUSTRATIONS  FOR  ORIGINAL  MISSION  DATA  (cont) 


III.  Smoothed  Estimate 

of  the  Change  in  the  Deflections  (cont) 

N-S  (|  ) 

E-W  (Ti) 

Figure 

Run  Identification 

Figure 

D5.  9 

#2(1) 

D6.9 

D5.  10 

#8(2) 

D6. 10 

D5.  11 

# 10(2) 

D6.ll 

D5.  12 

# 10(4) 

D6.  12 

D5.  13 

# 13 

D6.  13 

D5.  14 

# 14 

D6.  14 

D5.  15 

# 16(1) 

D6,  15 

D5.  16 

# 16(2) 

D6.  16 

D5.  17 

# 16(3) 

D6.  17 

IV . The  Error  In  the  Smoothed  Estimate  of  the  Change  in  the 

Deflections 

N-S  (5  ) 

E-W  (!)) 

Figure 

Run  Identification 

Figure 

D7.  1 

# 3 

D8.  1 

D7.  2 

#4 

D8.  2 

D7.  3 

#5 

D8.  3 

D7.4 

#6 

D8.4 

D7.  5 

#7 

D8.  5 

0„Dq  -|I5.00  -10. OS  . -o.  GO  QL  00 


P*Z  SECfHDS 


SRC  SECCNDS 


ARC  SECONOS 


wm  TEsetis . mm,  feuk  .-1  JiL  leg-ii 


-TlflrrSTIflpTE  D^THE.XRRRGE  TNp 
! N<QRTH  SOUh'H  DEf LECTION  ; 


SANDS  NE  BASE 


(fa  #7  - ADD  ECC 


-4 i - H 


SANDS  SW  BASE  0 


h- 


o # 1 2 - MORGAN 


® #2001  - BEASLES 


iml _fc r^RiekJ ft.  fcAa^rL.Viiilv  » *-.Sfe 


-irirrt'f-yf 


ARC  SECONDS 


30.00 


SOT 


m 


- -I  .UHO-JTESBWpS-Bp 

' ! i ; ( ■ : : 

; i ! :: 


flEflC'  TTHE  "(ESTTfffTIT  OF~TFE-THffNGE " ] N;  THE 
i NORTH  U SOUTH  DEFLECTION  i 


#2001  - BEASLEY 


#2031 


| ; 

CJ 

U #2035  - NED  l 

, i 

n 0 j 

! ; 

YB57  ,0 
1 

i 

i 

t ! 

. - . 

! 1 

- GJ  - 

ba  ; 

L 

i 

• 

j ; 
1 

i 1 

- - - j 

. .j.  •• 

* J 

#2049  - 

FIRE 

RM1  ! * 

#2018  - HUEY 


^.00 


O.SO  ; 


1.00  : 


1.50  i 


2.00 


2.50 


3.00  ; 


I ! 


j 


! T3ME  IN  'HODpS 

j Figure  1.12 


i 


ARC  StCONOS 


ARC  SECONDS 


£ 

f 

£ 

I 

r 

f 


fe 


i 


WHIt7£SflNDS  OftTfi.RUfi  -1U, LEG-1 


* . . -I  WHJjTESeNpS  DBtfCRU|i--l-6j.LEG-!l 

; ! ; ; ; ' , 

REAL  TIME  ESTIMATE  OF  7HE1  CHANGE  I hT  THE 
NORTH  SOUTH  DEFLECTION 


i 


0 ; #27  - OASIS 


ARC  SECONDS 


r 

*. 


Til  ME  jk  H0UR5  ' ! 

Figure  1.17 


I 


: . WH1TESANDS  DAI 


Ml,  LLU-l 


REAL  TIME  EST I MATE  OF  THE  CHANCE  IN' THE 
EAST  - WEST  DEFLECTION 


iCfa  #1  - TULAROSA  S.B 


.]  -\  _ OASIS 


0 #0  - SALT 


0 #7  - 4F9VJ  i 


HANFORD 

0;  50 


1 .00 


1.50 


2.00 


1 TjIME  IN  HOURS 

! Figure 


ARC  SECONDS 


o 

o 


:! 


u 


■ i I > 


■[--TH 


. 

i l 


i UHJfESflNbs  DAT-A,  RLljj  - 6,  LEG- j 


o_, 

CO 


o 

o 


°4 

C\J 


o 

o 


04 


o 

o 


o 

o 


REAL  TIME  ESTIMATE  OF  THE  CHANGE  IN  THE 
EAST  - WEST  DEFLECTION 


•4*  #1  - WC- 50 


0 


# i - 


o 

o 


o 

OvlJ 

I 


o 

o 


o 

COJ 
I 


o 

o 


o 
=*. 4 

i 


o 

o 


to  4 


GUN  E ° 

i 


0 


a 


a 


Q #M  - SEH.HORN 


□ 


0 #10  - NICK 


e to. 


® #15-  CONN 


'0.00 


1.00 


2.00 


T 


3.00 


4 . 00 


TJME  IN  HOURS 

. F i yurt*  'J  . 4 


.00 


ARC  SECOND 


l i 


rr^TT 


i ! i ! 


! WH1TESRNOS  DR^Tfi^RUN  - li.  LEG-11 


! • i 


"T 

, i 

i 


T 


</> 


o 

o 


o 

CD 

tV 


o 

o 


4)  #3  - SANDS  NIL  BASE 

0 

a 


o 

CD 

c\Jj 


o 

o 


zr. 

i 


o 

CD 

ID. 

I 


O 

O 


00. 

I 


o 

o 


o 

I 


o 

o 


CM 


REAL  'TIME  EST1MRTE  OF  THE  CHANGE  IN.  THE 
ERST  - WEST  DEFLECTION 


a 


0.00 


0 #7  - ADD  E.CC 


0 


0 


0 #lO  - SANDS  SW  BASIL 


0 


0 


0 # I .3  - M<  )BGAN 


& 


#2001  - BEASLEY 


o',  "so" 


— if 

1.00 


1 . 50 


2.00 


2.50 


3.00 


t 1 

i 

* S 

j 1 


!:i 

1 


L. 


Tjl ME  IN  HOURS 

; B i (jure  2.0 


$ 


i j 

Lrf 


ARC  SECONDS 


> i 


T“T 

I 1 i i 


o 

o 


; -UKWESANjlS  -~-2j tEC-fc 


o. 

zr 


o 

o 


n 


CD 

o 


~o. 

cn 


o 

o 


-in 

CM 


CD 

CD 


- o. 
! cm 


o 

a 


o 

CD 


04 


o 

CD 

- '-1 
in 


"ftEHl" 


-inJ 


TirtE  ^sTrHirrr_ffir'THqxHRKce  'iN  the 

EAST  r WESjT  DEFLECTION  ' 


- H 
I 


Cj  #3  ~ SANDS  NE  BASE 


.1 


- V- 


9 
o ; 


r 


i 


aj 

i 


- -i- 


. #7  - ADD  ECC 


ia 


0 #9  - C- 322 


0 


0 i 

I 

I 

#.ll  - TRAVES 


y 


#2001  - BEASLEY 
!•  • 


a 


a 


^,00 


o.so 


li.00 


1.50 


2.00 


TTso" 


TIME  IN  HOU&S 


I Figure  2.7 


-?»Tt  sac?gy  -*  j*.-k 


"1  ’ TT7"  n . • i i ’ ; r“T7TTT  ’ ‘T'<“ 

• 1 • ; • ; ■ : ■ i ill  ! 

1 ■ | 1 ■ ; ! • ■ i . . j j 

j WHI^TESflNpS  OfifTfl.RU^  - 33LLEG-1 


PEffL  TIME  ESTIHPTE  0 F THE  CHANGE  IN  THE 
EAST  - WEST  DEFLECTION 


i~n 


#3  - SANDS  NB 


#3  - OTBRO  BCC 


;c  pn  ; 


#3001  - BBASLBY 


# 14  - LAB  ASTRO 
I Q 


ra  #y 


0 #12  - MORGAf'l 


0.00 


0.50 


-L .1 . 


1.00  = 1.50  . 

I 

TJIME  IN  HOUhs 

Ficjurt'  2.H 


2.00 


2.50 


3.00 


WT^TMTIfni'niniT 

. i t.HilesnuDs.Daift,ft 


Ml  i ; i ; ! :! 

! ! i 'i  i i ; 


! • 


■~to£ftL  TI  KE  TSTIHfrTE  OF  THE 


2|  LEG-i- 


CHAN^E  IN' THE  " 


ERST  - WEST  DEFLECT  JON 


i i 


#2001  - BEASLEY 


! ! 


J #2004  - X-335 


#2018  - HUEY 


I j | , ; J 


-H- 4 - 


I • 


•pi- 


.!  ..  J. I j. 

; -■  ! I I 


..j : 


• . ..  .j  

i | 

■ { ! 

• I I 


#2034  - YB60 

- rf'S : ; 


•I 


I I 

i 


-I— 


id  ; . 

i 

• • , 

0 ; • ! 

, ■ 1 j 

43  #2021  - R- 334  j 

! 0 


0.50 


.00  ' i;.50  i 2.00 

' 1 i 

i i 

; TlrHE"rN  Houks  |- 

Figure  2.9  j 


2.50 


3.00 


..  dihjjfc ..ijan 


: WH-Io-ESfiNDS.  OATfUBUJi-  rr.  B'.LEG- 

• : i I ! ; 


REAL  TIME  ESTIMPTE  OF 'THE  CHANGE  'IN 
EAST  - WEST  OEFLECT I ON 


-i  ....  4 


4—  #200  L - BEASLEY 


0 #2018  - HUEY 


G 

i □ 


.*.#202'$  - M-  334 


Q #2022  - L- 334 


G)  CD 


#2001  - BliASL 


ARC  SECONDS 


' . WHii!iEsaNbs-De 


I ' • ! 
1 I . II! 
■ i : ! i i 


i:!  iM 


i 


REAL'TlMEpSTTWFTE "TirTHE!" CHfWfcF  IN!  THE 
* PAST  }■  WEST  DEFLECTION  ; 


#200 I -BEASLEY 


' i.  L 


I 

I 


O #2006  - V335 


±_ 


D o! 


q 


.#2033  - YB59 


cj  #2018  - HUEY 


0 #2021  - K- 334 


00  I 0.50  : 1.00  : 1.50  : 

| , i TjlME  IN  HOURS 

! • : ' Figure  2.11 


2.00 


2.50 


3.00 


ARC  SECONDS 


' WHlTESANfclS  ORtR.Ruk  -1QIlEG-U 


REAL  TIME  ESTIMATE  OF  THE;  CHANGE  IN  THE 
EAST  - WEST  DEFLECTION 


#201 8 - HUEY 


—.4 


Q #2049  - FIRE  RMi 


#2031  - YB57 


#2035  - NED  LJ  0 


tt  #3001  - BEASLEY 


2.00 


2.50 


3.00 


TIME  IN  HOURS 


.1 I 


00 ’0  00 


REAL  TiHE'EST’IflpTE  Of  TH*  CHANGE 
' EAST  - WEST  DEFLECTION 
o ! ! 

* 1 ■ 

| • J j 

Q #27  - OASIS  - - i~ 


* 


**+0*  <>,  ...  „ „.  ...  ,J__,._.  ...„»,  ....  .....  . . 


r_ 


co 
q ; 

Z ' 

o 

<_>  1 
UJ  ; 

in  ; 
o : 
£ I 


o 

o 


o 

o 

*. 

10 


o 

o 


in 


o 

o 


o 

o 

•« 

CO 


o 

o 


(M 


O 

O 


O 

O 


O 

o 


0.00 


: ! ! T"  1 : ' ! j ! T 

I WHlfrESflNbs  OR^TA.RUN  -isi,  LEG-2 


’ : ! 1 

REAL  TIME  EST1MRTE  OF  THE  CHANGE  IN  THE 
ERST  - WEST  DEFLECTION 


jTT  #31  - SALT 


ID 


n P 


#27  - OASIS 


I 


U. 


D #20  - VALLEY  ASTRO 


0.20  O.UO  . O',  60  ■ 

T'J ME  IN  HOuhs 

1 ' . * i 

1 I • Figure  2.10 


o'.  80 


1.00 


1.20 


UHJTESfiN  iS-DfcjllMUjfi  --  li;.LEG- 

! 1 j ' : ’ j ; 

THE  ERROR  JIN  THE  ; 

REAL  TIME  t$TlMRTF“5f~THEi  CHRNDE  1 N*  THE 
NORTH  j-  SOUtH  DEFLECT  JON  : 


i i 


! i 


.... : : J- 


0 #7  - 


. I 


i 

j L 


D.  #5  - SALT 


(3  #2  - OASIS 


Ul 

■u 


TULA ROSA  S.B 


'!  . . WHJ h'ESBNbs  DA^Rufj  - 5;,  LED-; 

...  ! . 

THE  ERROR  IN  Th£ 

REAL  TIME  ESTIMATE mOF  THE-  CHANGE  IN 
NORTH  - sjpuTH  OEFLECT  I ON 

#7  _ 4FJ53  F 0 , 

THE 

1 

CD  #5  - 

SALT 

■ CD 

D|  I 

i 

; i 

< 

; 

0 

i 

i 

* 

0 #2  - OASIS 

0 - ! 

• 

, i 

' ' i 

i i ; 

! 1 i i 

. 0,  n 4 - VALLEY  ASTRO  : 1 

• ' ' ~ 

« . ! i ! ; 

1 , 

• : 

J * 

: • 1 : ; 

j • , 

. j ; ; 

• i 

i . ; 

j > • 

» ( 

i P 

0 

' tn  - TULAROSA  S. 

0 

....  ... 

i 

i 

TULA ROSA  S.H.  ' 1 

ARC  SECONDS 


7a HE  JN  HOUfcS 

Figure  3.4 


PPC  SECONDS 


j WMTESflNDS  OeTfUUJH  - 7j,LEG=!1 

! ; i ! I ; 1 

THE  ERROR  IN  THf 

REfll  h- 1 HE  ESTIMATE  OF  THE'  CHRNGE  IN  THE 
NORTH  - SOUTH  DEFLECTION 


#7  - D-3 


• O I 

-®  - - #3  - GUN  : ■ - -t 
, m ' ! 

m I i 


• q #i  - wc-5o 

; l i 


‘ 1 2 - Will  Tfv 


1,00  : 2,oo 


3.00 


4.00 


5*.  00 


e.oo  : 


__L 


T;I ME  IN  HOURS 

Fi.tjuri*  ,3.r> 


.1 ] 


ARC  SECONDS 


! UHl 


[TELSRNP&  pflpJIUW 
THE  EflROR  In  THE 


» in.  iwt  i i ' ''r 

REAL  TIME  E5TIMfrTF  tJF"THE.  CHBHCF  IK  THE 
EAST  *•  WEST  DEFLECTION 


O #8  - Q-48 


' 1 T 

! 


- HANFORD 


#6  - WC-50  ECC 


0 ! 


0 #3  - RHODES 


TULAROSA  S.B. 


0.50  : 1.00  ! 1.50  I 2.00 


2.50 


3.00 


TIME  IM  HOURS 

Figure  4,1 


PRC  SECONDS 


REAL 


! WH1 TESRNDS  ORTR.ftuk  - UllEC-il 

i ; ; ' i - 

THE  ERROR  JN  THE 

TIME  ESTIMATE  OF  THE  CHANGE  IN  THE 
ERST  - WEST  OEFLECT I ON 


HANFORD 


0 m - 4F953 


q #2  - OASIS 


CD  #1  - TULAROSA  S.B 


'0.00 


0.50 


1 .00 


- SALT 

l1.  50 


2.00 


2.50 


TIME  IN  HOURS 

Kiyurt’  4.2 


.00 


..  L WHI^TESfiNDS  DftTa.RUN  - el.LEGri  . 

: : • | i I ! 

1 THE  ERROR  IlN  THE  j - 
REAL  TIME  ESTIMATE  OF  THE  CHANCE  J N THE 
EAST  j-  WES^T  DEFLECTION 


WC.  - 50 


(T)  #3  - GUN 

a • 

o 


□ 


0 


O #8 


StUHORN 


if 


ECONDS 


i . ! WhlTESRNjDS  DRIB.RU^  --3!.LEDr'l 


' SHOOJHEO  ESTIMATE  OF  THE  CHANGE  IN  THE 
NORTH  - SOUTH  OEFLECTION  ' 


#1  - TULAROSA  S.B. 


□ # } - RHODES 


tth  - WC-50  ECC  □ 


T,IHE  IN  HOURS 

Fifjuri1  5.1 


V 


J*r juni, 


ARC  SECONDS 


"'I  I 

UH1TESANDS  DR 


i . i 

5',  LEG-1 


SHOOTHEO  ESTIMATE  OF  THE  CHANGE  IN  THE 
NORTH  r SOUTH  DEFLECTION 


i 

i 


0 


0 


0 


O ft  5 - SALT 


0 


0 #7  - 4FSL53 


0;  #4  - VALLEY  ASTRO 


To 


f 


d #2  - OASIS 


TULA ROSA  S.R 


#1 


TULAROSA  S.R 


0 


flflC  SECONDS 


ARC  SECONDS 


r 


s 

r r - 


i i 


! I 
! I 


ID. 


O 

O 


O 

O 


CVJj 


a 

o 


04 


o 

o 


CD 


a 

o 


CD 


o 

o 


o 

o 


PJ 


o 

o 


SHOOlrHEU  ESTIMATE:  OF  THE;  CHANGE  IN  THE 
NORTH  - SOUTH  DEFLECTION  ; 


#7  - D-3 
0 

0 


0 


0 


0 


0 #12  - WHITE 


#15  - CONN 


0 


0 


* 

-f  - 


0 


0 


C31  #3  - GUN 


DJ  #1  - WC-50 


1 


s i . rn — r 

1 : i 1 

' ; ' : 

. r IV 

I : 1 i ; : 

'll!;:  ; 

1 i • 

TTTT 

i : iT  : ‘TT-  S i ] 

r ! 

I,  CD 

O 

: ; . 

■ j • 

i . 

! 

! ! ■ 

NHl|rESRN 

’ 1 • 

islpa 

— 3. 

<X 



,-,iuCG;i  ! i . S 

- -'SHOOTHED  jlTST !WTE 'Of" THET CHANCE  INI  THE 
■ KORTH  SOUTH  DEFLECT  I ON  • 


-t-  - -i 


SANDS 

19 


NE  BASE  _ 

I 


.~m — 


© #2001 


' 1 


0 


#7  - ADD  ECC 


- 

1 


0 #] 2 - MORGAN 


0 i 

I 

0 


0 


0 #10  - SANDS  SW  BASE 


I 

,i 


' i 

i 


BEASLEY 


"t  , i rp  ittt 

!ii  i i i i 


TT1TTT.  I 

■ ' I ' ' 1 


I-  WHl^reSfiKpS  ©ffTA.RUH  - 


SM00THE0  ESTIMATE  Of  THE  CHANGE  IN  THE 
NpRTH  - SOUTH  OEfLECTJON 

#2001  - BEASLEY 


0 


I “71 


#3  - SANDS  NE  BASE 


1 


0 

I 


0 


0 


a 


.1... 


a 


0 #7 


0 


ADD  ECC 
! 


0 #9  - C- 322 


0 


0 #11 


T HAVES  ! 


fJlJliilULtULl 


: 1 i ' ; 

'rnr“n"rr 

i 1 ! : 1 

1 : ; i 1 : ; - 1 . 

1 ■ ; i . > i ; i - 

^^TTTtt 

TTTTrT 

THT 

I1!! 

! ■ | M M i : 

j ■ ‘ 

1 

1 - i 

i 

i i 

i 

i 

j ■ j ; ' ' | , 

-.kt4lJr.ES 

! : ! : 

i * 1 1 1 1 j 

bn|ds  jiBra^ab 

: 1 . ! 

LED- 

l : ... 

if; 

1 

i 

1 

I ! ! : 1 I I 

Smoothed  '£st  itihte  c^the:: chrhee  tn!~  the~ 

1 NORTH  '-  SOU.tH  DEFLECTION  I 


#200  L - BEASLEY '•  - --  L 

ill]’ 


# 14  LAB  ASTRO 


0.  #3  - SANDS  NE  BASE 


•t I"  “I "* 


* * 

i I 


,,  a -U9L — 1 L 


P #5  - OTERO  ECC  • f- 

' i i 

I .„.i j !. I 


tji  i 

■ q #y  - C-322 


- MORGAN  0 


..__L 1 


T,I HE  IN  HOURS 

Figure  5,8 


RRC  SECONDS 


r:T 


L i WHJ*LESRNbs -DfiMVRy  A - 2.1  LEG- l- ■ 

! I ' ' i ! : 

1 ; : 1 : : 

■~r  smoothed  pst  iwhtr  of  the’  change'  im  the 

: NORTH  j-  SOUTH  DEfLECTJON  ; 


. #2034  - YB60  . 

d j 

i (3  ® 


R-334  ! 

■ 0 ‘ 


,#2004  - X-333 


1 • 1 

! 1"!"  ; 

!□  #2001  - BEASLEY 


L - 

I 


..J  J? J 


#20 IB  - HUEY  - , 


0.00 


o.so 


1.00  1.50 


2.00 


2.50 


3.00 


1 

i ■ ■ : 

1 , 1 

: TirME  IN  HOUjlS  “ | ' 

f 

4 

, i 

• ! j 

1 

1 

J 

i 

j | ; ; 

Figure  5.9  j 

] ! i_ 

I ; 

; 

1 

H 

ARC  SECONDS 


Wrj)<,  9. 


}/«;?! v '/;'• 1 


* ; ■ ^:-> ' : ' -f- ■; ; 

J.  rt'fflZivVrjffHWiH 4 -V /’/y-irvsv  **-->**«.«• 


SECONDS 


{ f '• 


1 1' 


l ! V 
! 


i I 
1 ( 


\ i i 


I : 


o 

o 


CO 


o 

o 


in 


o 

o 


o 

o 


cn 


o 

o 


■ ■ i 1 i • ; 

I I ! ! 

! I i I : 


TTTT'\ , i 

: i ! . ! ; 


* I ’ i i 

I i ■ : 


WH J&ESflblDS  Dfl|TfV&Up  -10KLEG-& 


TT- 


1 I 


SM00THE0  EST rHRTET  OF  THE  CHANGE  IN 
NORTH  r SOUTH  DEFLECTION 


l D 


D #2021  - K-334 


0 0 


CD 


Cl 


i 


0 


Of-  #2033  - YB  59 


0 


'a 


i 


0 


i 


a, 


#2006  - V335 

l • 

t - 


#2001  - BEASLEY 
0 


: 0 


T-- 


THE 


1.. 


® #2016  - HUEY 


ARC  SECONDS 


* t 
t i 


; WHl^ESRNDS  DflITfl.RUjj  -13* LEG-1 


a 

o 


oj 


o 

o 


SMOOTHED  ESTIMATE  OF  THE,  CHANGE  IN 
NORTH  r-  SOUTH  DEFLECTION 


THE 


0 


a 


o p 
o 


•-ffi 


o 

o 


o 

o 


OJ 

1 


o 

o 


CO 

I 


o 

o 


o 

o 


o 

o 


tn 


a 


#27  - OASIS 


'0,00 


-r 


o 


#203  - WC-50 


:© 


0 


1 

J 

i 

i 


a 


I 0 #20t>  - TS-  344 


0 


o.so 


1...00 


1.50 


2.00 


2^,5( 


T3 HE  IN  HOUpS 


Figurr  5.13 


-i  !*W&  *i*  iL  . toie,  - kiimtm . s*3  liiMutAdf.L 


ARC  SECONDS 


WHITESANOS  pATft.Ruk  -U4.LEG-: 


/SMOOTHED  ESTIMATE  OF  THEI  CHANCE  IN  THE 
; ! NORTH  h SOUTH  DEFLECTION  . 


#31  - SALT  » 


: _ < , 

; > m ! 


—4- 


- -4— -| —4  ■ 

1 : • ! 

...L-U-l 


i i t 

- -.-t-M 1 - 


1 

#27 

1 

i 

- OASIS 

— T 
1 
1 

• 

. , . 

. 

■ 

• • 
• 

-4 r 


— i~ 


■+- 


Q!  #205  - TS- 204-2 


I 

— + 


i 

r~ i~ 


#208  - BASIN 

^00  o'.  50 


1.00  ; 1.50  i 

T:] ME  IN  HOURS 

Figure  5.14 


2.00  2.50 


3.00 


»'  JiiiuirMsl  iL  -,#l»^-*aniir;jHiii-rl r iMiti  • ■ »i  '■  v.‘: 


m 


WHlflESflNpS  DflilR,  RUfJ  -16UEG-J 


TT: T;T 


SMOOTHED  ESTIMATE  OF  THE  CHANGE  IN  THE 
NORTH  1“  SOUTH  DEFLECTION 


I 

0 #27  - OASIS 


I ' : 

i a #30  - G-4H 


.WHljtESflNBS.  pBitft. RUN  -TfiLLEG* 


SMOOTHED  ESTTRfnr  OF  THE;  CHBNDE  TNI  THE 
NORTH  j-  SOUfTH  DEFLECTION 


RPC  SECOMDS 


WHITESRNDS  Oftlre^uk  - 1 Bj.  LEG-3 


TjIME  JN  HOD 

Figure  5 . 1 


. I 


! WHJ  kESRNbS  \DMMuk-* 


i j i . 

■ iii 


i i 


i i 


S^LEG-jl 


SMOOTHED  ESTIMfTTE  T3f  THEj  EHflNGE  IN  TRE 
ERST  r WEST  DEFLECTION 

: ; . * \ - ; 


TULAROSA  S.B. 


P 


ra,  - 


VALLEY  ASTRO 
I 


f a 


a ; 


□ 


i - 
I 


0 


- 1 


0 -i 


0 #5  - SALT 


#1 


TULAROSA  S.B 
■%  ■ 


! I ! 

o P2  - OASIS 


......  1 


0 #7  - 4FUr>:i 


PRC  SECONDS 


~ ' ■TrrHTTTTT rTTim  ' 

' ; . i ■ 1 ' ' • 

; WHIITESPN^S  Dflm.-RUN  - 6,LEg4 


SMOOTHED  ESTIMATE  OF  THE  CHANGE  IN  THE 
EAST  - WEST  DEFLECTION 


#]  - WC-50 


n #H  - SEEHORN 


0 0 - GUN 


1.00 


0 *io  - nick 


i®  n ir,  - CONN 


3.00 


M.00 


5.00 


6.00 


TIME  IN  i.0U|lS 

Figure  0,4 


PRC  SECONOS 


WHrtESfldQS  DRiTR.RU^  - ll.LEG-'l 


#5  - SANDS  NE  BASE 


SMOOTHED  ESTIMATE  OF  THE'  CHANGE  IN  THE 
EAST  - WEST  DEFLECTION 


Q #7  - ADD  ECC  : 


#2001  - BEASLEY 

: i i 


H 


SANDS  SW  BASK 


m U 1 7 - MORGAN 


0.50 


1.00 


i T.I ME  IN  HOURS 

j 1 i j Figure-  <>.(; 

_L_J J L. j 


ARC  SECONDS 


Ml  I I i . I < 

I • , III!  I I ! 

■Ii  'll  ■ 1 ; ! 


WHJ.?£SftN|)S ■■OAFf-rftU  t - - 

I . i ! ! 


■ SMOOTHED  ESTfHjfTE  "Of  THE  CHANCE  IN  THE 
ERST  j-  WEST  DEFLECTION 


i 


! a 


a #3  - 


SANDS  NE  BASE 
i 

I 

■i ; • • 


02001  - BEASLEY 


-t-  - ' -! 


1 - •; 

i a 


• a *7 


ADD  ECC 

i . 


. i _ . ; .. 

iCJ 

! = i 

0 1 #9  - C-322 


i 

. ! 
i 

i 

1 

.j 

■ i 

i 

1 

f~ 

! 

i 

i 

fl  ft  1 2 - MO  EGAN 


TJME  IN  HOURS 

Figure  6,7 


PRC  SECONDS 


! - WHIfTESfiNDS  DATA. RUN  9i.LEG-il 


SMOOTHED-  EST I KATE  OF  THE  CHANGE  IH.  THE 
EAST  *-  WEST  OEFLECTION 


O.  #3  - SANDS  NE 


OTERO  ECC  tjj 

id  1 " ' j 


#200  L - BEASLEY 


1 ! ! 


I i. 


0 #9  - C- 322 


0 #12  - MORGAN 


t 14  ■ LAB  ASTRO 


2.0U 


2.50 


3.00 


T;I HE  IN  HCJUpS 

Figure  6,8 


ARC  SECONDS 


fine  SECONDS 


ill-! 


: ? I:  ! • L 

WH  IjTESflNpS  OfliTfl  vBjUk  - JB|. LEG-2 


SMOOTHED  ESTIMATE  OF  THE1  CHANCE  IN  THE 
EAST  WEST  DEFLECTION 


CD  #201 8 - HUEY  i 


4- 


w Tf 


! n 
! CD 


Di:  AC!  t : 


#2023  - M-334 

4 E mi 


#2005  - W- 335.  OD 

o 

O CD 


I 

I 


r '>yw^-.  -c%  3 


tn 

o 


CD  : 
(_> 
UJ  : 
in 


I- 


u 

£! 


Trnrr 


o 

o 


=r_ 


o 

o 


00. 


o 

o 


OJ 


o 

o 


CO 


o 

o 


to 


o 

o 


o 

o 


<M 


o 

o 


o 

o 


O'M 

I 


: i ! i 
I ■ 


,4.. 


I ! ! i 


il 


I 1 


MH 1 ifcSBahS- .bflu^^uk  ^ 1 0 s.  LEG-  k 


i 1 » * 

: SMOOTHED  rSTIH^TE  ar  iHE-  CRflMGE  TN*  THE 
EAST  r WEST  DEFLECT  JON 


% #2018  - HUEY  i 


1 CD  1 ! 

\ - , 

! : ! 


..  i : 1 


qD 


□ 


0 


Iq  #2U21  - K-j>34 

C3  ‘ ! : 

#2033  - YB  50  _ 

1 " "T 


0 


0 


v #2006  ~ V335 


a 


0 


c 


#2001  - BEASLEY 


0.00 


0.50  ' 


i 1 I 


LJ 


r i 


LI 

n 


. 

* -j 


iii 


1 

j 


.I..r:.ln,.  J iifl..  t.ifcJiMiJiflCli..  fciti  .0 _ 


ARC  SECONDS 


! WHlTESRNDS  DfiTR.RUN  -loilEG-il 


SMOOTHED  ESTIMATE  OF  THE  CHRNGE  JN  THE 
ERST  - WEST  DEFLECTION 


#20 JH  - HUEY 


#203! 


o'  a ® 
a 

YB  57 


HD  #2001  - BEASLEY 


#2035  - NED 


Til  ME  IN  HOURS 

P'iguri'  0.  12 


one  SECONDS 


TIME  IN  HOUfrS 

I Figure’  0. 1 3 

j . . i..  . J L 


3t mh&Qm&imim, 


ARC  SECONDS 


o 

o 


WHJTESANDS  DATR, RUN  -14, LEG-1 


1 i ; 

L; 

( i 


o. 

ro 


o 

o 

in. 

(M 


o 

o 


o. 

PJ 


o 
o 

i • . 
! . ir>- i 

I «— c 


o 

□ 


o 

o 

in" 


o 

o 


O 

0 

1 


o 

o 

0 
•— « 

1 


SMOOTHED  ESTIMATE  OF  THE!  CHANGE  IN  THE 
EAST  - WEST  DEFLECTION 


T f -r 

* ! 

i • ! 

i ; ; 

• i 

I : ! 

j L I 

i ! ! 

■! i ■ ! 


....  .j  _ . 


; — at  #27  - OASIS 

v 


I- — i f 


I o 
I 


J 


4)  #208  - BASIN 


CD 


a #31  - SALT  • 

..... .J ... 


,□ 


0 


#205  - TS-204-2 

1 \ ' a’1 


0 


0.00 


o' 50 


1,00 


1 . 50 


2.00 


2, 50 


2, 00 


I 


T;3ME  IN  HOURS 
Figure?  6.14 


iMjaM 


T;“HTTlTr:n  T TTTTTiT^TTTTlT’ 

I I ■:  ! : : . > | ' | ; j i • ; i 

■ ! : WHJ ireSBNDS  Oflka, RUN  -l-6:,L£D-b 


SMOOTHED  "EST rM&TE  OF  THE.  CHFWCE  IN’  THE 
EAST  r WEST  DEFJ.ECT  1 ON 


OASIS 


I ! ■ 

I I 


- SALT 


□ #29  - VALLEY  ASTRO 


0.00 


0.20 


0.40 


0.60 


0.80 


1.00 


1 .20 


T I ME  IN  HOUBS 

! Figure  6.10 


M.T..  J fti  1 


ARC  SECONDS 


i t 

M 


t . 


o 

CO 

, 


o 

or 


o 

CJ  i 


o 

o 


o 

CO 


o 

CO 


o 


o 

CM 


o 

CJ 


TTiHITTiTT 

I ■ ' ! 


TTTTTTTT 

; i • • * i 

1 1 i 

WKJTESANbS  DATA', 


m 


1 , : i : ' i 1 i i i 

I ' I : i 

-16, LEG-3  ■ ! 


SMOOTHED  ESTIMATE  OF  THE’  CHANGE  IN' THE 
EAST  - WEST  DEFLECTION 


O # 26  - MONUMENT  14 


dj  #27  - OASIS 


- (P- 


a #22  - JACK 


’U 


SRC  SECONDS 


~n 


TiTT 


j WHJ^ESfiNOS  Dela,RUjj-  ~_3>LEC-i 


THE  EfcROR  IN  THE 

SMOOTHED  ESTIMATE  OF 'THE  CHANCE  IN, THE 
NORTH  *-  SOUTH  OEFI.ECTION 


#1  - TULAROSA  S.B. 


#<J  - HANJ'OKD 


• © l 


i 


o 

i O 


o #j  - RIIODKS 


a tin  - q-4« 


a tti,  - WC-5U  l-CC 


0.00 


0.50 


1 . 00 


1.50 


2.00 


2.50 


i 

T jlME  IN  HOURS 

1-  i (ju  re  7,1 


3.00 


' WHITESHWpS  - U,L£C-i 

» i 

THE  ERROR  JN  Tnfc 

' SMOOTHED  ESTIMATE  OF  THE  CHANGE  IN  THE 
NORTH  l SOUTH  DEFLECTION 

i 


i 

i 


i 


i I AN  1- Ok!) 


0 


' ! 0 


O ftj  - OASIS 


0 


Q ft  5 - SALT 


I 


0 #1 
0 


- TULAKOSA 


0 t>  7 


41 


ARC  SECONDS 


. 


o 

o 


o 

C- 

J-l 


o 

o 


Cd. 


o 

o 

o'j 


CJ 

oo" 


cj  ! 
o 

to' 


o 

CJ 


o 

o 


Cd 


Cj 

o 


i'n 


. WHIiTESRNOS  DfliTfl.RUN  - 51.  LEG-1 


THE  ERROR  IN  THE 

SMOOTHED  ESTIMATE  OF  THE  CHANGE  IN,  THE 
NORTH  t-  SOUTH  DEFLECTION 


T‘"~n 


CD  #7  ~ 4F 953  . 


GJ 


0 


m 


Uj  # 4 - VAU-IiV  A"  TI'O 


_ .1 

CD  *5  - SALT 


E i 


J... 


: m 


Q #2  - OASIS 


m 


#1  - TULAROSA  S. 


4» 


*1  - 1 UI.AROLA  S.H, 


T 


— I ! "T~ 

1.00  1.S0 


I ME  IN  HOUhS 

I i ( ju  n 7 . i 


2. 00 


~r 


£D 

-B- 


nroo 


0,50 


2.  SO 


3,00 


j 


ARC  SECONDS 


PRC  SECONDS 


o 

o 

=r^ 


o 

o 

tyj 


o 

o 

OJ 


o 

o 


CD 


O 

O 


CO 


o 

o 


#15  - 


o 

o 

f 4 

CM 


CONN 

o 


'Hj1  M iTTi1 

i . WHJTESRNbS  DRiB> Bllj^  -_7 


WTT-~p--7T' 

••  ! I : i 


.LEG. 


■1 


THE  ERROR  IN  THE 
1 SR00THE0  EST3MRTE  OF  THE  CHRNGE'IN  THE 
NORTH  - SOUTH  DEFLECT  JON 


# 7 - D-3 


0 


o 

; o 


a ' 


■a 


a 


Qi  #'3  - GUN 


a 


£3 


0 #12  - WHITE 


O 

CD 


-CM. 

I 


0 


O; 

a-  #i 


- "t 


WC.-30 


a 


0.00 


l .00 


2.00 


T 


T 


3,00  ! U.C0 


5.00 


6.00 


i 


TO  RE  JH  HOURS 

1 Figure-  7.5 


{ 


nu^tt  u#7w  vchWs  jmstrirjiua',: 


E'C33  -"S»,  r<  ftt“ 


ABC  SECONDS 


*i‘i  f 


rrr 


i 


t 

i 


WHITESfmnS  Dflta* Bilk  - 3 ; LEG- i 


o 

o 

<\j‘ 


o 

o 


1"~ 


o 

o 


o 

o 


p 


CD 

o 
™*4 

i 


o 

CD 

*■>4 

I 


CD 

CD 

»4 

I 


o 

o 

IDJ 
I 


o 

o 

* 

to 


THE  ERROR  iN  THE 
SMOOTHED  ESTIMATE:  OF  THE' CHANCE  !N  THE 
ERST  i-  WEST  DEFLECTION 


#1  - TULAROSA  S.B, 


0 


O #.5  - RHODES  ! 


o- 


o 


#9  - 1 IANKORD 

Q 

a 


P 


O #8  - «-4B 


O 


P #(,  > WC - r>( ) UCC 


0.00 


c.so 


1.00 


1.50 


2.00 


2.50 


3*.  00 


M 


H 


n 

i i 

u. 


II 


II 


I T 


I -V.  I 

; r i 


T^ME  IN  H0UPS 

Figure'  8.1 

I 1... 


p in  mum/,1  y Kuamuegtttmv^j^t.  A 


RRC  SECONDS 


i !: 


T f - 

i I 

! I 


! . 


! v 1 

I'i- 

l ’ 

» 

L Li 


u 


TT" 

i I 

: I 


I ; 


I i ; 

i , 

■i.i 


1 ; i 

1 i I 


o 

o 

*-i 


o 

in 


o 

□ 


CD 


CD 

LTD 


CD. 

I 


cd 

o 

'•*-1 


CD 

LTD 


Jj)  #9  - HANFORD 


o 

o 

cj-J 

I 


o 

in 

CD-I 
i 


o 

o 


cn 

i 


WHJTESnNpS  OOTfl,  Rl)}j  - U . LEG-1 

i ; 

the  error  jn  the 

1E0  EST1MPTE  OF  THE  CHANGE 
ERST  - WEST  DEFLECTION 


TT7T1 

rT;-f 

i 

i ■■  i 

i 

THE 

0.00 


,a 


a *n 


4F953 


0 


CP 


#1  - TULAROSA  S.B. 


i 0 


- d #2  - OASIS 


0 


0 #5  - SALT 


0.50 


1.00 


— ! 

1.50 


2.00 


2.50 


TIME  IN  HOURS 

Figure  ri.2 


Y.OO 


is-nfr’ir-t 


aatsutd^^iii^4iiMiauaitnenMtuid»tUMVisu6juatsiJs^stSL.  if*  ± • .*, 


PRC  SECONDS 


to 


o 

o 


o 

to 


o 

CD 


-*  tn  - TULAROSA  S.B. 


o 

to 

-O. 

t 


o 

o 


o 

in 


o 

o 

I 


o 

in 


.{M 

i 


o 


! THE  EjRROR  [IN  THE 

'it)  SMOOTH  ED  CSTIflRTr  Of  "rHE|  ChRNDE  IN  THE 
! ERST  - WESiT  DEFLECTION 


- . 


-t- 

* 


03  #4  - VALLEY  ASTRO 


! 


a 


- 


#1  - TUAROSA  S.B 

(D 


1 


i 

I 


GJ  #2  - OASIS 


.-BJ  #7  - 4F953  ; 


'< 

I 

I 

I 


a 


--J 


a 


0 


n ; m #5  - salt 


2. 00 


2.50  3.00 


0.00 


0.50 


1.00 


1.50 


__i 


T3ME  IN  HOURS 

Figure  tt.3 


--1 


_L. -I 


■it;'  . Il  H Ttl 


ARC  SECONDS 


■ '•'  *-•  l-J*fci>=.-J. -TillJl  !a^lj»  Kj!- u .-;>  .Jl>  i-t C v.  ..  -i.i  :«,•.»?. ».t,j. .,-  I ..,■  ‘v.li  ui>  ..  :>j,...j,.U  . J .aiuii  .i'lull  ij  J »■  . uiji  ,.  IUU.,.  -i:!i 


ARC  SECONDS 


‘hi  ! I 1 

i j : I , J i » i . , 

WhlTESRNpS  DBIlk^RUK  - .?j.LEG- 


i THE  E^ROR  |IN  THE  I 
SMOOTHED  RST  IRATE  OF  THE  CHANCE  J tf  THE 
■ EAST  - WEST  DEFLECT  ION  ■ 


WHITE 


ffl  - J' 


0,  #3  - GUN 


□ #7  - D-3 


! •!  ; 


#j  _ WC-3<> 


3.00 


4 . 00 


5.00 


6.00 


T|IME  IN  HOURS 

Fiyuro  0.3 


jr  *■{ « 'nr-  ■-.* 


APPENDIX  E 


J 


FIJI 


P'  I 
I'-  ; 

■'  i 

< 


: 1 

r i 

j 


I 


REAL  TIME  ESTIMATES,  SMOOTHED  ESTIMATE  AND  ERRORS  IN  THE 
ESTIMATES  OF  THE  DEFLECTION  OF  THE  VERTICAL  CHANGE  FOR  THE  RUNS 
WITH  MAJOR  HEADING  CHANGES  REMOVED 


This  appendix  presents  deflection  of  the  vertical  data  associated  with  the 
three  mission  (Runs  5,6,7)  where  major  heading  changes  were  deleted.  The 
data  is  divided  into  the  same  four  groups  as  in  Appendix  D, 


U 


j 

A 

1 

H 

3 

] 

t 

H 


i 


i 

1 

s 

.1 


"5 


LIST  OF  ILLUSTRATIONS  FOR  MISSIONS  WITH  MAJOR  HEADING  CHANGES 

DELETED 


I. 

Real  Time 

Estimates  of  the  Change  in  the  Deflections 

N-S  (§  ) 

E-W  (T\ 

Figure 

Run  Identification 

Figure 

1 E 1 . 1 

5 A 

E2.  1 

E 1 . 2 

5 B 

E 2.  2 

El.  3 

6A 

E 2.  3 

E 1 . 4 

6B 

E 2. 4 

El.  5 

7 A 

E 2.  5 

i E1-6 

7B 

E 2.  6 

II. 

The 

Error 

in  the  Real  Time  Estimate  of  the  Change  in  the 

Deflections 

E 3 . 1 

5 A 

E4.  1 

E3 . 2 

5 B 

E4. 2 

E3.  3 

6A 

E4 . 3 

E 3 . 4 

6b 

E4.4 

E3.5 

7 A 

E4 . 5 

E3.  6 

< 

7B 

E4.6 

III. 

Smoothed  Estimate  of  the  Change  in  the  Deflections 

E<3.  1 

5 A 

E6.  1 

E5.  2 

5 B 

E6.2 

{ E5.3 

6A 

E6.  3 

i E3.4 

6B 

E6.4 

j ES.S 

7 A 

E6.  5 

| E5.6 

7B 

E6.  6 

IV  • 

The 

E r r o r 

in  the  Smoothed  Estimate  of  the  Change  in  the. 

De  fie  cti  or.s 

E7 . 1 

5 A 

E 8.  1 

- ; E7 . 2 

5B 

E 8.  2 

E7.3 

6A 

E 8 . 3 

E7.4 

6B 

E8.4 

i E7 . 3 

7 A 

E 8.  5 

E 7 . 6 

7 B 

E8.  6 

•ixUJ iNKa*. jS_j„  • , Julk-  i 


ARC  SECONDS 


I ( 


I 1 


o 

o 


o 

o 


o 

o 

t-0j 


o 

o 


o 

o 


<o 


o 

o 


(D 


Q 

O 


o 

o 


C\J 


o 

o 


o 


; i 1 i ; ' i 1 ■ ■ - 

WHHESflNbS  DflTfl*flUN.  - SR.LEGhl 

: : i ! ■ 

! : : ' i ; 

RERL  'TIME  E5T I MATE  Of  THE  CHANGE  I N THE 
NORTH  - SOUTH  DEFLECTION 


O 1 #7  - 4F953 


0 


0 #5  - SALT 


a 


u 


#3  - RHODES  1 


- ~T 


C&-- 

U . 00 


#i  - IULAROSA  5 . R . 


"TT 


0,50 


1.00 


TTso 


Z 00 


2,50 


"I  ,1 


• f 

; j 


3. 00 


T;1  HE  IN  HOURS 
Figure  E-l.l 


QN003S  oyd 


ARC  SECONDS 


PRC  SECONDS 


! 

j 

| 


i 

\ 

i 

i 

1 


< 


* 

£ 


l 

t 

k- 


A 


PRC  SECOND 


i I 


c 

o 


O- 


o 

o 


1/5  - 
m 


o 

a 


o. 

n 


o 

o 


.1/5. 

(V 


o 

C_i 


a. 

cu 


o 

o 


t/54 


o 

O- 


o 

o 


LD 


# 1 


T 


WHI TESRND5  QBT R*  RUN  - 7fl,LEG~i 


BEAL  TIME  ESTIMATE  T3F  THE  CHANCE  IN  THE 
NCR7H  - SOUTH  DEFLECTION 


Til  - BRYCE 


ro 


0 


CONN 


HJU 


0 I KY 


cLoo 


! 


a #H  - Slil-.HONN 


ro  j 


t 


o.so 


1 . 00 


— ( 

1 . 50 


2 . 00 


- -)  - 


2. 5 0 


T(I ME  IN  HOuj^S 


Figure  E-1.5 

I 


f . 


3.00 


• 3 


ARC  SECONDS 


I i r I I 1 i 

1 WHITESRN^S  Dfl^IR,  RU^  - 7j3.  LEGr  i 


REAL  TIME  ESTIMATE  OF  THE' CHANGE  IN;  THE 
NORTH  H SOUTH  DEFLECT  I ON 


#<>  - NW-30 


- SHOT 


LAURA  CHNTF.R 


CD  # | _ W(  - ) 


®4— 

0.00 


0.20 


0.40 


0.60 


0.80 


1 . 00 


1 . 20 


T'J ME  IN  HOURS 
Figure  E-1.6 

J • 


! i 1 


RPC  SECONDS 


■ WHJTESRNpS  DRjIfi,RUN  - 5p.lECrl 


o 

1 o 


REAL  TIME  FSTIMTr'Of  TFTE!  'CHANCE  IN  THE 
Erst  j-  WEsjr  DEFtECi  i dn 


— ■ r 

i e I 


i 0 #1  - TULAROSA  S.B. 


I 2- 


RHODES  Q ! 


tt)  ^5  - SALT 


I 

■t 

i 


4K'f  S3 


finC  SECONDS 


! ; i ::  u 

! whitesrnIjs  DB(ra,{UjJ  - 6$, leg 

i i ' 


REAL  t THE  EST  I MATE  Of  THE*  CHRNCE  IN  THE 
fcflST  !-  WEST  DEFLECT  1 pN 


i i 


I t 


; i 

— l.. 


- FRY  a 


0.00 


0.20 


0.  MO 


0.60  ' 0.80 


0 - CONN 

P l'.OO 


1,20 


TjINE  IN  HOURS 
Figure  E-2,4 


. it i.  am* 


ARC  SECONDS 


WHI  {rEGANCS  DAlTiURUR  - 7R.LEGM 


RERL  TIME  ESTIMATE  OF  THE- CHANGE  IN  THE 

Erst  r mesV  deflection 


#11-  BYRCE 


□ #8  - SH.E1IORN 


TIME  IN  HOURS 

Figure  E-2.5 


ARC  SECONDS 


: WHlitESflNbs  -DAT  R*  RUN  - 76.  LEG;- 1 


REAL  TIRE  ESTIMATE  OF  THE;  CHANGE  IN  THE 
ERST  j-  WESt  DEFLECT  JON 


CQ  #4  - SHOT 


— 1 * — " - • * 


: B—  I 

i a #i  - wc-50 


u.  00 


nw-  :!o 


0.20 


0.40 


0 - LAURA  CENTER 


0.60  , 0.80  : 1.00 


TIME  IN  HOUpS 
Figure  E-2.6 


1.20 


l 


T 


i 


' I WHJTESRNpS  DflTR.Ruk  - SR,  LEG1- 1 

! • i i i I 

The  ERROR  IN  THp 

RERL  TIME  E^T I H^TE.Or  THE',  CHRNGE  IN:  THE 
NORTH  r StJjTM  DEELECT;I  ON  | 

\ #7  - 4Fyrj3 


\ ' 

,0  ! 

° ! 
..oj 

» 

. i 

/ } 

iA  ! 

' 1 
1 

• ..  ; 

1 

5 

; ■. 

' -2 

• : '.O  * 

■ i ; 

, ■ UJ 

1 

o ! 

IT  • 

o 

■u  _ 

1 

<-> 

CO 

* 

cc 
a:  ; 

t 0 #5  — SALT 


— - -’-T  - 


□ #3  - RHODES 


Ol  «|  . TUl.AROSA  S.K. 

, 1 

HJ.00  ’ 0.50  1.00 


1.50 


2.00 


2. SO 


3.00 


T3ME  IN  HOURS 
Figure  E-3.1 


ARC  SECONDS 


• -T 


. i 

i 


I I 


; HHITESflNDS  DftiT R, RUN  - Sfc.LEGM 

i ■ i ! i 

! • ’ i 

THE  ERROR  3 N TH^ 

REAL  TIME  ETSTIft^TE  Of  THE;  CHRNbt  IN  THE 
NORTH  - SOUTH  DEFLECTION 


- RHODHS 


0 #1  - TIJLAROSA  S.H. 


o 


■;  LrJ* 


■.izoWftHft'  ; 


' ! .WHlTESRMp  _DR|rfl*fUjk--.  fifl.LEGM 

■ : i l ! i 

THE  EhROR  !JN  THE 

REAL  TIME  ESTIMATE  OF  THE;  CHANGE  I N=  THE 
NORTH  r SOUTH  DEFLECT,!  ON 


to  i 

o ! 

2 : 

O ' 

, 

UJ  ; 

o 

to  • 

o 

t_>  ■ 

CO 

cc  : 

CC  i 

{d  #7  - d- 


: Q #5  - 0-3.5  ! 


tt  > — GUN 


I ..  . J 


ft  1 - WC-50 


PRC  SECONDS 


-M 


1 


I 

i 

i 


f 


i 


( * 3 
' < \ 


) 

l i 


i i . 


••  i 


1 1 


i I 


I 


0. 

t 


0 


A 


ARC  SECONDS 


> ■ WHljrESANbs  DATA. BUN  - 7R.LEGL1 

i j 

THE  ERROR  JN  THE 

REAL  TIME  ESTIMATE-  OF  THE  CHANGE  IN  THE 

- 

NORTH  - SOUTH  DEf LEC  I'T  ON 

i 

;E  #4  - SHOT 

*•  ■ “*• ■ • — -■  i ■ 

, i ! 

! i i ! > 

1 ' : 

i ; . . . ■ . : 

! , * 

1 i i 

1 • ; 

i • : 

. j 

( ‘ i 

i'  • 

. ; i 1 

; 

! 

: i : i i 

I 

t 

1 ■ 0 ; , l 

1 i 

! ; 1 

i ; ! i ! 

1 

i : . { : j i ! 

i 

1 

! ■ o #2  - LAURA 

CENTER 

• j - 

: - : j ! 

: i * • 

NW-30  • -j  • -V  • - r ;•  --  ■ 

; ! . 1 
, _ . 1 

" - r~  ■ " 

< I 

! i 

l l ' 

t . . u 

i : 

i 

i 

• 1 
1 

t ; 

a 1 

! 1 

1 , • 

t 

t 

; ! 

D #1  - WC-50 

TIME  IN  HOURS 
Figure  E-3.6 


ARC  SECONDS 


i WHI 


[TESANDS  Dfl-Tfl, RUN  - 6R.LEG-: 


THE  ERROR  IN  THE  | 

RETRL  TIME  E5T1HRTE  OF  THE  CHRNGE  IN'  THE 
ERST  WEST  DEFLECTION 


"T ! 

I i 


#1  - WC-50  - -J 


t~ ; • 


#3  - GUN  *i 


□ #5  - D-3.5 


CJ  ' #7  - D-: 


0.00  • O.SO  . 1.00  ' 1.50  | 2.00 

TjIME  IN  HOURS 

; ! Figure  E-4.3 


2.50 


3.00 


ARC  SECONDS 


. i 


: I 


t 

Ais 


HHHESfiNOS.QB|la,ftUp  <•  .60..  LEG}- 1 


l I 


I; 


o 

D 

cm" 


o 

o 

o'O 


o 

o 


CM. 

I 


o 

o 


=T. 

I 


o 

o 

4 

ID. 

I 


O 

O 

®-l 

I 


o 

o 


o 

o 

CM 
t " 


o 

o 


THE  ERROR  IN  THE  1 

REAL  TIME  EST IT-lftTE  "Of  " TRC  'CHANGE  IN!  THE 
ERST  r HES^T  DEFLECTION 


#y  - GERI  - 


a 


■ < 


i 1 


Q-  #13  - FRY 


• ro 


0 


□ #\ 


0.00 


0.20 


0.40 


0.60 


0.80 


T,I ME  IN  HQufrs 

; I i 

i Figure  E-4.4 

i I ; 


-CONN 


. i WhLl!rESflN[DS  Dfl|rfl»RUfj  - 3A,  LEGj-1 

< i ':i 

THE  ERROR  ;J  N THE  i \ 
REAL  TIME  ESTIMATE  OF  THE? CHANGE  IN  THE 
EAST  f-  WEST  DEFLECTION 


L 3 - FRY 


T"~ 

I 


0 # 11  - BRYCE 


SEEHORN 


1 I 1 1 

. 00  ; 1*50  i 2r 00 

2'.  SO 

i , 

TIME  IN  HOURS  ‘ ; 

Figure  E-4.5 

. . | DfljtfLRUhL-  SR,LEcj-_l.  ! 

; : I ( ■ 

'SHOO'THECT  ESTIKATE  or-  THE*  CHANGE  TN:  THE- J 
NORTH  r SQU*TH  DEFLECTION  ; 


RHODES 

0 


; - 0-  #5  - SALT 


TULAROSA  S.B.  . 


0 #7  - 4F953 


0.50  ! 1.00  ' 1.50  J 

‘ j I ! 

TjlME  IN  HOURS 

i ! Figure  E-5ll 


2.00 


ARC  SECONDS 


fe 


| 

I 


5 

| 


! 


O 

o 
< , 
CD 


o 

o 


j:  ' WHITESANbS  RUU. 5B,  LEGr  1 

i i I ! ■ : 

! ; ; i - i ; 

' SMOOTHED  ESTIMATE  Of  TREf CHANGE'  IM< THE 
• NORTH  I-  SOUTH  DEFLECTION  i 


Q 


o 

o 

9 _ 

<_D 


O 

O 


in 


D 

D 


<D 

#5  - SALT 


-4—iu- 


Q 

a 


CO 


□ 

O 


I PJ 


Cl 

o 


1: 


r 

L 


D 

o 


#7  - 4F9  5'i 


^Too 


T 


0.50 


1.00 


1 . 50 


Z oo" 


2.50 


3.00 


T ;! ME  IN  HOURS 
Figure  E-5.2 


****■  : -fhfy  -S4MS& mmim  -m 


ARC  SECONDS 


! WHITESRNDS  DRtR.RU 
1 

i 

si  - 6R.lEGf-l 

■ 1 

. » ; 

SMOOTHEO  ESTIHFITE'OF  THE,  CtffiNjGE  IN  THE 

NORTH  j-  SOUTH  DEFLECTION  . 

'■  » 

• : 

1 

* • ' - * i 

• » 

1 ; ; , 

( : : i 

! 

i 

• 

1 

i 

! 

; i : 

a #5  - D-  3 . 3 

: 

» 

...  _-j 

i 

- - - j 

i j 

1 ! 

: i ' ; 

• ! ' a ! 

■ : ' ' i ” ' 

! : ! : 1 

1 ' 

; i 

1 ' 

1 

: ! i 

; O ! \ ; 

1 i ■ 

■ i 

—I r 

i : 

! i 

| □ #3  - GUN  ! - 

; *(  ; 

: .......  _J_ .* 

i 

D m - D-  3 •• 

: 

4 i .. 

• ! 
i 

• » 

' ! 

1 

1 ; 

i 

i 

! 1 

# J.-WC-  50 i 

i 

: 

Til  ME  IN  HOURS 
Figure  E-5.3 


RRC  SECONDS 


WHljrESQNOS  DRT.fi,  RUN  - Bp.LEG.t 


SMOOTHED  E5TIMflTE"BF~THE:'CHfiWGE  r NT  THE 
NORTH  f-  SOUTH  DEFLECTION  ! 


J ...L : 


a-  #10  - CONN 


0.20 


O.UO 


0.60 


0.80 


1 . CIO 


1.20 


TJJME  IN  HDUpS 
Figure  E-S.4 


....  J 


fiJfctfwWSUIa*.  iiim  fiw.Jli  ^a.IliuMs  *1  ni;v?uwL4U  l^kulUditJSiUiliWil 


i wm 


■ i ; ~T  ; ' ' 

> ■ * 

pSflMjlS  DflTfi.-RUl  - 

i • 


7fl.  LEG*- 1 


SHOOTHEO  ESTIH&TE  OF  TREt  TTRIWGE'  IN  THE 
NORTH  j-  SOU JH  deflection  : 


-0  #8  - SEEHORN 


; 


# 11  - BRYCE 


#15-  CONN 


ft  13-  FRY 


0.00  ' o.so 


1..00  i 1.S0  ! 

i i 

; T jl  HE  I N HOURS 

! Figure  E-5.5 


2 . SO 


: ■ ft  ft  iMfctU » C t iiWnf  2tM 8 1 flft rtaWlAi yfatfe  i i iUh  ■ ^ 


PRC  SECONDS 


ARC  SECONDS 


I 


i WHI- 


• . ; : ! • ! . i • 

tesrnps  drib. run  -..sLlegLi  ....  ....  | 


“SMOOTHED  £STIMjFTTE-OF  THE>  thfiNCE'  IN!  THE 
| ERST  WEST  OEFLECTlbN 


tularosa  s.b. 


tn  if 3 - RHODES 
i : i 

. L.  L_.  _ 


.CD  #5  - SALT 


I 1 

-:-f 


a #v 


4FD53 


00  ; 


O'.  SO 


1.00 


1 .50 


2,00 


2.50 


3.00  ! 


L ... 


ME  IN  HOURS 
Figure  E-6.1 


1 


RRC  SECONDS 


RRC  SECONDS 


RRC  SECONDS 


ARC  SECONDS 


r"! :'r 

: WHITESfwbs  Ofl|T.fl»BUfr  7fe,LEG|-l 


SMOOTHED  ESTIMATE'  OF  'TKe|  'CttflNtjE  “JNfTHE 
EAST  j*  WEST  DEFLECTION  j 


io  »* 


SHOT 


— -■> r-  • H ‘ 


#2  - LAURA  CENTER 


I l 

I : 

i ; 

i CD  I 


#6  _ NW-30 


0.20 


0.U0  ■ O’,  60 

' TjJ ME  IN  HOURS 
Figure  E-6.6 


0.80  ; 


1.00 


j ' I;  1 | ! T ' : ! I ‘ 

-WHITESBNPS  DR^TR-RUN  -...SR,  LEG-1 


j T HE  ERROR  IN  THE 

’SMOOTHED'  pTIMHTE  ‘Vfc  THE:  EHRNGE'  IN  THE 
NbRTH  i-  SOUTH  DEf LECTil ON  : 


#5  -SALT 


#1  - TULAROSA  S . B L 


0 #7  - 41953 


0 #3  - RHODES 


ARC  SECONDS 


f * 


o 

cn 


cn 


o 

o 


cn 


o 

cn 


OJ 


o 

o 


f"  rv/1 


o 

cn 


I j 

■ WHITESRn|)S  ORTR.RU ^ - 5p, LEC-1 


I i 1 

THE  ERROR  IN  THE  , 

SHOOT HED  ESTTHRTE  Cf  THE;  CHANGE  IN  THE 
NORTH  r SOUTH  DEFLECTION  ■ 


I 


i 

4 


I 


. J 

CD 


0 


-i 

t 


— - h * 4- 

Q #3  - RHODES 


v 


#5  - SALT 


4-  — 


: □ 


4F953  - 


-t- 

I 


0 


# 1 - TULAROSA  SB 


; WHl!TESflNt»S  DATE,  RUN  - 6R.LEG-1 


THE  ERROR  ;iN  TH^  ; 

SMOOTHED  ETST I MBTE  'CF  TWCHflNGE~INt  THE' 
NORTH  - SOUTH  DEFLECT  I ON  , 

t 1 : ; 


CD  #5  - D-3.5 


Q #3  - GUN 


r 

o 

I; 

1 

: o 

{ ! 

i 

» * 
» j 

; ' o 

i 

! i 

1 . 

l 

i o 

i ; 
i > 

1 tn 

CD  #7  - D-3 


^ i-a-w  jfib&diUi  iU. 


ABC  SECONDS 


T.I  ME  IN  HOURS 
Figure  E-7.4 


1 

I 

I 


1 


I 

I 


PRC  SECONDS 


I 


WHITESPNDS  DflTfl, RUN  - 7B.LEGH 


o 

in 

<n* 


o 

o 

m 


o 

in 


(VI 


o 

o 


o 

in 


o 

o 


o 

in 

o*1 


o 

o 

d« 


o 

in 


04 

1 


THE  EpROR  J N THE 

SMOOTHED  ESTIMATE  OF  TKl  CHRNGE  IN  THE 
NORTH  - SOUTH  DEFLECTION 


CD 


#(,  - nw-^o 


□ 


ft 4 - SHOT 


i 0 


Q 


ft?.  - I.AUWA  CKNTIIR 


1 


0 


0 tf  I ■ 


r.  00 


0.00 


0.20 


0.40 


0.60 


0.80 


1 . 


t)me  in  hours 

1 1 

Figure  E-7.6 


..J 


i 


1 

( 


1 


WC-r>() 


K20 


cn 

o 


o 


CJ 

cc 

a; 


o 

LD 


CM 


O 

O 

CM 


O 

LD 


O 

O 


O 
LD 
-t-t 
O 


o 
o 

a* 


o 

LD 

o-l 

I 


O 

o 


o 

cn 


. ..!  whitesrn|ds  .DflSravwj|4  - sp. leghi 

; 1 i ! 

THE  ERROR  [IN  THE 

SMOOTHED  ESTIMATE"  0E  THEi  CHANGE  IN'  THE 
^ ERST  - WEST  DEFLECTION 


Cj  #3  - RHODES 


'Q 


0, 


i _ 


□ #5  - 


I 

SAI-T 

i 


#1  - TUI.  A ROSA  S.B, 

i I : 


Gj  #7  - 4 FUST 


a ' 


0.00 


o'.5(f 


1 . 00 


1 . SO 


2.00 


7“so 


3.00  ' 


* * 


TfIHE  IN  HOURS 

Figure  E-8,1 


\d i 


ARC  SECONDS 


r 


WHITESANI 


RUN  6ft, LEG 


The  error  in  th£ 

SMOOT  HE  o estimate:  of  the;  change  tn 
EAST  r WEST  DEFLECTION 


I - 


e)  #3  - GUN 


..  I O #5  - D-3. 5 


•«  #j  - wc-r>o 


fa  #7  - 


0.00 


0.50 


1 . 00 


1.50 


2.00 


; i 

■-  » 


T U ME  IN  HOURS 
Figure  E-8.3 


.20  0.00  0;.20  0.40  0.60  0.80  1.00  1.20 


o 


T” 

I 


rrrr 

• t 


} .wHi(r£Sflfcits..ofljra.jauN  - bb.lec!- 


ITT 


I 


•THE  EPROR  -IN  Th| 

SMOOTHED  ESTIMATE 'OF  THEi”CHPNGE“  IN  THE  | 
EAST  J-  WEST  0EFLECT  ION 


0 


4)  #‘>  - OCR  I 


l > 

i : 


ED  # J 5 - CONN 

I 

TH ; 1 1 ; 1 j — u 1 

0.00  ! 0r,  20  : 0.40  0.60  | 0.80  1.00 

l-.'i 

1 j ! T’'I ME  IN  HOURS 

l 1 

I - Figure  E-8.4  ! 


i 

~i 

1 . 20 


! ! ' i j T j 

i WMlfTESfiNpS  -Dfi^fi.miN  - 7&.LEGM 

I : ! 

! THE  ERROR  JN  THE 

• SMOOTHED  ESTIMATE  Of  THE|  CHANGE  IN;  THE 
: EAST  - WEST  DEFLECTION 


i CD  #11  - BRYCE  ; 

i ’ ; ! 

i 

FRY  | ; 


, o 


, o 

i tn 


#15-  CONN 


T3  #8  - SH.E1IORN 


'0.00 


0.50 


1.00 


1 .SO 


2.00 


TIME  IN  HOuhs 

’ J 

Figure  E-8.5  , 


'frw,unf«t 


1 ..  j WHITESRNpS  QBJLfl-RUp.  7B.LEG-J 

I : i i : : i 

THE  EpROR  -IN  THE  < 

' SMOOTHED  ESTIMATE  tfr  W’  CHANGE  TFT,  ‘ 
o ERST  - WEST  DEEi-ECTIDN 

#4  - SHOTi  I . , 


,i  . 0 . #2  - LAURA  CENTER 


Til  ME  IN  MOUpS 
Figure  E-8.6 


APPENDIX  1 


:■  r 


; ! 


i 

■ i 
? i 

f 


i i 


i i 


i 


to,-  I •i-t-i* 


REAL  TIME  ESTIMATES,  SMOOTHED  ESTIMATES,  AND  ERRORS  IN  THE 
ESTIMATES  OF  THE  DEFLECTION  OF  THE  VERTICAL  CHANGE  FOR  THE  RUNS 

DIVIDED  INTO  MULTIPLE  LEGS 


This  appendix  presents  deflections  of  the  vertical  data  associated  with 
the  11  missions  which  were  divided  into  shorter  time  segments.  This  includes 
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divided  into  the  same  four  groups  as  noted  in  Appendix  D. 
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APPENDIX  G 

SMOOTHED  ESTIMATES  OF  CHANGE  AND  THE  ERRORS  IN  THE  CHANGE 
IN  THE  DEFLECTIONS  OF  THE  VERTICAL  FOR  ALL  MISSIONS 

This  appendix  contains  a complete  summary  of  the  error  in  the  change  or 
the  smoothed  estimate  of  the  change  in  the  deflection  of  the  vertical  for  all  the 
original  missions  and  their  subsets.  Each  table  contains  that  particular  set  of 
runs  which  traversed  the  same  reference  stations.  Generally  the  tables  are 
divided  into  two  groups.  Tables  G-l  through  G-5  contain  all  of  the  original 
17  missions  as  recorded  over  White  Sands  Test  Course.  Also  included  in  this 
group  are  the  missions  which  were  reduced  to  eliminate  major  heading  changes 
(5A,  5B,  6 A,  6B,  7A,  7B).  The  second  group  contains  Tables  G-6  through 
A-9  where  the  original  missions  were  divided  to  reduce  the  elapsed  time  between 
initiation  and  closure.  This  group  includes  runs  3A/B,  4A/B,  1(1)A/B,  2(2)A/ES, 
9A/B,  2(1)A/B,  8(2) a/B , 10(2)A/B.  10(4)A/B,  13A/B,  and  14A/B.  The  word 
'Ref'  in  the  tables  refer  to  the  initial  and  closure  points  used  by  the  off-line 
smoother  and  were  limited  to  those  points  where  deflection  of  the  vertical  data 
was  known.  All  of  the  changes  in  the  tables  were  computed  using  the  'Ref'  point 
at  the  top  of  all  the  columns  as  the  initial  value. 
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The  following  is  a synopsis  of  each  table: 

TABLE  G-l 

« Values  of  the  error  in  the  change  in  the  deflection  of  the  vertical 
for  runs  3,4,5,  5A/B. 

• RMS  error  values  for  each  individual  reference  point  and  each  run 

• 5A/B  removed  major  heading  change 

TABLE  G - 2 

• Values  of  the  error  in  the  change  in  the  deflection  of  the  vertical 
for  original  runs  6,  7. 

• Values  of  the  error  in  the  change  in  the  deflection  of  the  vertical  for 
6A/B,  7A/B  where  a major  heading  change  was  removed. 

• RMS  error  values  for  each  individual  reference  point  and  each  run. 


TABLES  G-3,  G-4,  G-5 

• Values  of  the  smoothed  estimates  of  the  change  in  the  deflections  of 
the  vertical  grouped  according  to  common  reference  points  [G-3  (1(1), 
2(2),  9)],  [G-4  (2(1),  8(2),  10(2),  10(4))], [G-5(  13 , 14,  16(1),  16(2), 
16(3))] 

• Reference  values  of  change  are  noted  where  given 

• RMS  values  of  error  in  the  change  are  computed  for  each  individual 
point 

• RMS  value  of  error  for  all  points  in  Table  G-3  only 
TABLE  G -6 


• Value  of  the  error  in  the  change  in  the  deflection  of  the  vertical  for 
runs  3A/3,  4A/B  with  reduced  travel  periods 

• RMS  error  values  for  each  individual  reference  point  and  each  run 

TABLES  G-7,  G-8,  G-9 

• Values  of  the  smoothed  estimates  of  the  change  in  the  deflections 
of  the  vertical  grouped  according  to  common  reference  points 
[G-7  (1(1)A/B,  2{2)A/B,  9A/B],  [G-8(2(  1)A/B,  8(2)A/B,  10(2)A/b, 
10(4)A/B]  . [G-9  (13A/B,  14A/B)] 

• Reference  values  of  change  are  noted  where  given 

• RMS  values  of  error  in  the  change  are  computed  for  each  given  point 

• RMS  value  of  error  for  ail  points  in  Table  G-7  only. 


WK. 


TABLE  G-2 

THE  ERROR  IN  THE  CHANGE  IN  THE  DEFLECTIONS  OF  THE  VERTICAL  FOR  THE  WHITE  SANDS  DATA  OF  RUNS  NUMBER  6 AND 
[Reduced  as  recorded  in  original  runs)  Runs  6A.  fcB,  7A,  711  were  Divided  to  Eliminate  Major  Heading  Changes 


NA  - Not  Available 
Ref  - Reference  Point 


Not  Available 
Reference  Point 


APPENDIX  H 

"BEST"  ESTIMATES  OF  THE  DEFLECTION  OF  THE  VERTICAL  AT  STATIONS  "WHERE 

REFERENCE  VALUES  V ERE  NOT  AVAILABLE 


The  "Best"  estimate  values  of  the  deflection  of  the  vertical  for  the  stations 
where  the  reference  values  were  not  available  were  derived  using  the  average  of 
the  change  in  the  deflections  of  the  vertical  as  measured  by  the  RGSS  system. 
Several  estimates  of  the  change  were  available  for  most  of  the  unknown  stations 
and  the  different  missions  used  to  compute  each  of  the  averages  is  noted  in 
Table  II-l.  Three  stations  (IPS-1,  MOTEL,  K-237)  where  reference  values  were 
not  given  are  excluded  from  the  "Best"  estimate  list.  This  was  done  because 
these  stations  were  traversed  either  before  the  first  known  reference  value  or 
after  the  last  known  reference  value  for  a mission.  Therefore,  they  are  not 
included  in  the  estimates  as  obtained  from  the  FORTRAN  smoothing  program. 

Additional  reference  values  were  provided  after  the  "Best"  estimate 
values  were  determined  for  the  four  (4)  stations  noted  in  Table  11-2.  The  values 
of  the  error  for  the  N-S  and  E-W  deflections  of  the  vertical  are  computed  for  each 
station  and  the  RMS  value  of  the  error  for  the  four  (4)  stations  is  included  in  the 
table . 


TABLE  H.  1 

"BEST"  ESTIMATES  OF  THE  DEFLECTIONS  OF  THE  VERTICAL  AT  STATIONS  WHERE 

NO  REFERENCE  VALUES  WERE  AVAILABLE 


Station 

Name 


OTERO  AZ  ECC 

V-321 

IPS -2 

C-322 


Z - 3 3 5 

V - 3 3 5 
X - 3 3 6 

V - 3 3 5 


Station 

ID 

Numbs  r 


Y 13 

59 

Y 13 

-58 

Y b 

-67 

M - 

3 34 

L- 

334 

k 

334 

NW  -30 
TS  - 204  - 2 
IS- 344 
SW  -70 


G-2  37 


MONiJiviEN'i  T 
IPS  -3 


C-4  8 


20 
20 
20 

2006/2038 
2007/2037 
2034 
20  3 3 

20  3 2/  3l  52 
20  3 1 


E stimated  N -S 
Deflection  (§  ) 
(Arc-sec) 


-1. 60 
-1. 94 
-3,  63 
-4. 66 


0.  0 3 
-0.48 
0.  30 
0.  02 
0.  67 
0.  73 
0.  38 
1 . 03 
1 . 07 
0.44 
0.  28 
0.  69 
0.  29 
0.  29 
-0.44 


-5.19 
-5.97 
-6.4  6 
-4.97 


-6.  60 


. 2. 

- 1 . 90 


• 05 


Estimated  E-W 
Deflection  ( I, ) 
(Arc-  sec) 


4.  98 
3.  13 
0.  32 
-0.  7 1 


0.  76 
0.  81 
0.  16 
0.  70 
G.  45 
0.  15 
0.  27 
-0.  06 
-0.  31 
0.  24 
0.  88 
1.11 
3.42 
3.  20 
5.  72 


-5.71 
-6.41 
-6.  21 
-7,  61 


-1.18 


1 I 79 
12.  34 


O.  7 0 


Runs 

Where  Measured 


2(1),  8(2) 

10(2),  10(4) 


13 


16(1).  16(3) 


16(1),  16(2) 


APPENDIX  I 


KALMAN  ESTIMATES  OF  FREE -AIR  GRAVITY  ANOMALY  CHANGES  AND 

THE  ERRORS  IN  THE  ESTIMATES 

The  free -air  gravity  anomaly  estimates  (DZ),  generated  by  the  Kalman 
mechanization  are  recorded  at  each  station  during  the  mission.  Where  reference 
free -air  gravity  anomaly  values  were  available  for  the  various  missions,  the 
changes  (AG)  from  station  to  station  in  the  estimates  and  reference  values  were 
computed.  The  real-time  Kalman  estimates  were  not  compensated  and  the  real- 
time changes  are  recorded  directly  in  the  tables.  The  total  error  from  Runs 
2(1),  8(2),  10(2)  and  10(4)  [where  all  the  reference  values  were  given]  is  2.0 
milligals  (RMS)  Table  1-1.  It  should  be  noted  that  the  errors  in  the  column  for 
the  real-time  Kalman  estimates  of  Run  8(2)  (Table  1-1)  are  the  RMS  of  the  two 
errors  generated  for  each  station  on  this  particular  test  run.  Since  only  a minimum 
of  reference  points  were  given  for  all  the  other  runs,  they  are  collectively 
summarized  in  Table  1-2. 


Ref  - Reference  Point 


